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Irish Foundry Conditions. 


Dr. Moldenke, through the “ Irish Builder and 
Engineer,’’ has answered Mr. G. C. Castle’s letter 
to that paper, which was also printed in Tue 
Founpry TrapE JournaL. As we suspected, both 
Dr. Moldenke and Mr. Castle were referring 
to the ‘“‘ Rein’’ system of desulphurising and 
refining cast iron. The Doctor, after clearing up 
this, says: ‘‘I am very much interested in the 
discussion now going on, and feel certain that good 
economic results will accrue to Ireland thereby. 
What seems to be needed, even before Government 
aid can direct the destiny of the foundry industry 
in Ireland, is that the foundrymen themselves get 
together to study their problems. But little can 
be done in the way of scientific betterment in the 
jobbing shops for the moment, and hence I had 
recommended a close study of the scrap problem 
as an economic necessity for Ireland. It is really 
in the speciality shop that greatest strides have 
been made so far in foundry practice on a scien- 
tific basis. Ireland needs such speciality shops, 
and might as well begin with the several lines used 
in the housing programme. There is also room 
for a beginning in making merchant steel of light 
shapes from scrap now exported. Later on, when 
the turn comes and the country rises in wealth 
and expands industrially—as it must to grow rich 
—the foundry industry will expand of necessity. 
Italy is a good example of this situation. But 
before this condition eventuates, there must come 
co-operation of the foundrymen, and close contact 
with the Government, so that the economic 
policies of the Free State may be shaped for a 
great future. This would seem to mean an Irish 
Foundrymen’s Association. With the cordial rela- 
tions now existing between the Foundrymen’s 
Associations of America, Britain, France, Belgium, 
etc., a new Association for Ireland will be surely 
welcomed and all will strive to help the young 
brother get on his feet, benefit his country, and 
take his place in the ranks of the world foundry 
industry. 

““Not only the Foundrymen’s Association of 
Britain, but that of America, will be particularly 
helpful in this, I feel certain, for what is the good 
of one unit, in the advance of civilisation, is the 
good of all.” 

We do not agree with Dr. Moldenke that there 
is any need for an “‘ Irish Foundrymen’s Associa- 
tion.’’ A reference to the conditions obtaining 
in Canada shows that that country’s foundry 
technical needs are being met by membership of 
the American Foundrymen’s Association. Thus in 
Ireland the conditions can be met by joining the 
Institute of British Foundrymen. If the Irish 
desired a domestic branch they would have a strong 
association at their backs to help them both finan- 
cially and technically, until they were self- 
supporting. We are still convinced that no sound 
reason exists why Irish foundries should not join 
the British Cast Iron Research Association. In a 
published communication to Mr. H. Grattan, Dr. 
Moldenke is inclined to endorse our views as to 
the benefits to be accrued from membership of 
(English) British Foundry Associations. He says 
‘* Education is right. Plod along as best you can 
by way of metallurgical teaching, while the 
foundrymen have meetings for papers and study 
with visits to English and Scottish shops by way of 
attending the English foundrymen’s meetings.’’ 
We are sure by this that the Doctor is insisting on 
membership. 

In this letter the Doctor rightly insists on the 
extreme importance of moulding machines to the 
Irish foundry industry. He deals with them by 
stating: ‘‘ With the moulding machine T told you 


THE 


490 THE FOUNDRY 


about, and with a cheap and easy. way of making 


match parts and match plates, many castings can - 


be. made of which there are only a few hundred 
wanted. So it might be a good idea to take up the 
possibilities of specialisation with the several 
foundries so that one gets a soil pipe machine, 
another a sanitary closet or possibly a_ stove 
machine, and so on, and thus specialisation is 
introduced, not by foundrymen asking for 
machines, but the machine builders deciding who 
shall get the classes of machines—at first, at least, 
until things get going. In the meantime, 
whatever I can do at this end [United States of 
America] in the way of getting machines for you, 
if possible to pay for themselves—-that is, on credit 
long enough to enable foundrymen to make the 
cost in profits—I will be glad to work for. The 
patterns could be made here [U.S.A.] and every- 
thing fitted, so that nothing more would be needed 
than to start the machine going.’’ Unless the 
moulding machine referred to by Dr. Moldenke is 
one which has only just emerged from the develop- 
ment stage, it is almost certain to be known, if 
not well known, here. If it has no marketing 
arrangement in Great Britain, then there is a 
sufficiently large scope to warrant the creation of 
a service depot manned by experts, where service 
of a higher—because of speed—value could be 
given to Irish foundries. 

We believe a one-casting or even limited number 
of specialised castings foundry for this country, 
let alone Ireland, is too delicate a mechanism to 
attract the serious business man. It is always 
faced, under European conditions, with either 
shortage of work carrying standard overhead 
charges, or too much work and disappointed cus- 
tomers through late delivery. Again, for many 
specialities, such as railway castings, contracts are 
given out twice a year, and a_ few ‘‘ misses ”’ 
means temporary closing. European conditions 
demand several specialities, and when catering for 
one particular trade as many specialities as pos- 
sible. This must not be read as meaning that no 
quantity production is generally possible, but it 
needs ‘‘ tempering ’’ to include the largest number 
of customers possible. Mr. Grattan has inter- 
preted Dr. Moldenke’s letter and applied them to 
actual local conditions, and rightly emphasises the 
value of co-operation between the various factors 
which are the basis of a successful foundry 
industry. 

From this side of the Channel, we see the 
problem through a different pair of spectacles. 
We do not yet conceive the Irish Free State as a 
separate industrial entity—nor need it be. We 
agree that the long-distance movement of cast-iron 
scrap is metallurgically unsound. It should he 
re-melted on site and foundry business of import- 
ance can and should exist in Ireland. We suggest 
to Irish foundrymen that they have much to gain 
from the closest co-operation with their British 
confréres. There is for them more to be gained 
by an intensive study of British rather than 
American conditions. 

To put the Irish situation in a nutshell, we sug- 
gest the following steps should be taken: (1) They 
should form an Irish Branch of the Institute of 
British Foundrymen. (2) Appoint a consulting 
metallurgist to meet the college authorities with 
a view to rearranging the curriculum more ade- 
quately to serve the trade. (3) As a_ body 
approach the British Cast Iron Research Associa- 
tion, asking them to outline their work with 
special reference to Ireland. (4) Form a company 
for buying, grading and re-melting Irish scrap so 
as to provide themselves with varying grades of 
cast pig to analysis. Irish foundrymen will find, 
if they will endow themselves with a collective 
voice, that there are many possibilities in Ireland 
at present unrealised. 


THe Skopa Works, which has a capital of 200,000,000 
Czecho-Slovak crowns, had a net profit for the past 
financial year of 32,200,000 crowns, a decrease of 
6,000,000 as compared with the preceding year. On 
the other hand, 102,000,000 had been transferred to 
debit reserves, as compared with 47,000,000 in the 
preceding year, while the other reserves had reached 
82 A dividend was’ declared of 40 crowns, as 
compared with 32 crowns last year. 
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‘A Novel Template. | 


Shortly after publishing Mr. Markland’s Paper 
on ‘“‘ The Making of Thin Section Patterns,” we 
came across the Maco ’’ Adjustable Template and 
were impressed with its suitability for the strick- 
ling of plaster patterns in the way described in the 
article mentioned. We have not had a chance of 
trying out the template practically, but we do not 
anticipate there would be any difficulty in 
foundries borrowing one from the agents for trial. 

The template which is substantially illustrated 
below consists in a line of hundreds of very fine 


JUSTABLE TEMPLATE 
Pat 160629/2' 


teeth of hard drawn solid brass, stated to be only 
0.007 ins. thick. These laminations are held in 
position to two aluminium clamps, secured by two 
thumb screws and springs, by the tension of which 
the brass lamellac just take the shape of anything 
against which they are pressed, giving at the 
same time the male and female impression. A 
series ranging from 1} ins. to 1 ft. has been pre- 
pared. The marketing of the article, which is 
British throughout, is in the hands of Anderson 
and Company, Regent House, Kingsway, London, 
W.C.2. 


Catalogues Received. 


Cast-iron Pipes.—The monthly stock list for 
June, issued by the Staveley Coal & Iron Com- 
pany, Limited, Chesterfield, is now available. ~ 

The London office of the Staveley Coal & Iron 
Company, Limited, is now Crown House, Aldwych, 
W.C.2. . 

Pulyerised Fuel.—The Internationa] Combustion, 
Limited, of Africa House, Kingsway, London, 
W.C.2, have sent us a four-page leaflet describing 
the pulverised fuel plant which they have installed 
at the Municipal Power Station of the Birming- 
ham City Corporation. 

Temperature Regulation—We have received 
from the Cambridge Instrument Company, 
Limited, of 45, Grosvenor Place, London, S.W.1, 
an advance copy of their List No. 150, describing 
Cambridge Automatic ‘Temperature Regulators. 
The apparatus, which is described and illustrated, 
has important applications in the foundry. The 
automatic regulation of temperature, as distinct 
from its measurement, is being applied to a large 
and increasing number of metallurgical and indus- 
trial] processes, ranging ftom the control of atmo- 
spheric conditions in a pattern shop to the auto- 
matic regulation of the temperature of a malle- 
able iron annealing furnace. 

Although the catalogue deals almost exclusively 
with the regulation of temperature, the regula- 
tors described can be applied with equal efficiency 
to the automatic control of humidity; pressure, 
and other physical conditions. No one form of 
measuring or control device is employed, but 
rather a combination of the most suitable methods 
of measuring the iemperature to be controited, 
with a means of control adapted to the particular 
requirements of the plant. For instance, in a 
gas-fired furnace or a plant operated by steam, 
air, oil or water, the device operates a valve either 
directly or through the intermediate of an electric 
relay. In electric furnaces it operates a relay 
which controls a circuit breaker in the main cir- 
cuit. In other cases, the regulators can also be 
arranged to operate electric lights, gongs, klaxon 
horns, or other signals. We understand copies are 
available to our readers on application. 
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The Application of Metallography in Bronze 
Founding.* 


By FRANCIS W. ROWE, B.Sc. (Research Dept., David Brown and Sons (Huddersfield), Ltd.). 


Though the weight of castings in non-ferrous 
alloys produced yearly is only a small percentage 
of the total metal castings made, yet if the 
respective value of the castings in the different 
materials—non-ferrous alloys, cast iron and steel 
—is taken, it will be seen that a very large sum 
of money is involved and that a much greater. 
capital outlay and a greater value per ton obtains 
when making non-ferrous castings. 

If for this reason alone, it is necessary for the 
non-ferrous foundry to operate on even more 
economical lines than the iron and steel founder. 
Furthermore, owing to the present state of the 
engineering and allied industries as few parts as 
possible are made in brasses and bronzes, owing 
to their relatively high cost; and the weight of 
these are cut to the minimum. Thus it is essen- 
tial that the castings should be as sound and 
strong as possible as the latitude in strength and 
the factors of safety are smaller than formerly. 
Consequently, all the results of metallurgical 
research and all the help that metallurgical 
instruments. can give should be employed by the 
bronze founder to ensure that his castings shal) 
be as sound and reliable as possible. 


microscopes for metallurgy. It is only when the 
desire or necessity arises for preserving records, 
in the shape of photographs of the various struc- 
tures, that such an equipment is essential, 
Metallurgical specimens for the microscope are 
polished on successive grades of fine emery paper 
and finally buffed on a revolving wet pad using a 
superfine abrasive such as aluminium or mag- 
nesium oxide. This removes the scratches left by 
the finest emery paper. Such a specimen is then 
examined under the microscope (before what is 
known as etching) to obtain an idea cf the sound- 
ness or otherwise of the specimen. Porosity is 
thus easily discernible in specimens which to the 
naked eye in the polished state or in the fractured 
state appear perfect and is shown up more clearly 
than after the specimen is etched, as the coloura- 
tion of the specimen may mask the holes. In 
brasses and bronzes most non-metallic inclusions 
such as sand, slag, ete., are easily seen in the 
unetched state, and the presence of lead in such 
alloys is indicated. Lead is practically insoluble 
in the ordinary alloys, and thus appears in the 
solid metal as patches (smaller or larger according 
to circumstances) of the pure metal. This being 
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In this respect the research work that has been 
done in universities aud industrial laboratories 
throughout the world has proved of immense value 
to the bronze founding industry in helping to pro- 
duce not only sounder castings, but castings of 
regular composition and strength and more fitted 
for particular duties in service. 

Metallography embraces the study of the internal 
structure and constitution of metals and _ alloys. 
Since much of the internal structure of metals and 
alloys cannot be studied with the naked eye, the 
microscope must be largely used in examining their 
formation and constitution. 

[t is not the author’s intention in this Paper to 
discuss the theory of the compound microscope, nor 
describe in detail the mode of preparation of metal- 
lographice specimens, as such information is avail- 
able in most text-books. It should be mentioned. 
however, that as much useful information can be 
gained from a metallurgical microscopic outfit cost- 
ing £20 or £30 as from the more expensive 
research outfits such as that in Fig. 1, which repre- 
sents probably the latest and best achievement in 


*A Paper read before the Glasgow meeting of the Institute 
of British Foundrymen. 


sott is usually picked out during the final polishing, 
and thus the metal appears to have small black 
pits over the specimen. 

As porosity shows in a somewhat similar manner, 
it might be thought that confusion would occur as 
to which of the holes were due to lead and which 
to porosity, but actually this seldom occurs, as the 
lead appears in fairly regularly shaped patches, 
whilst porosity shows as jagged, uneven holes. 

Figs. 2 and 3 illustrate this differentiation. 


Revealing the Constituents. 

After such examination the specimen is etched 
by immersing it in a chemical solution. The two 
most used etching reagents for brasses and bronzes 
are an acid solution of ferric chloride and 
ammonium persulphate solution. 

The effect of the etching reagent is to corrode or 
colour the different crystals or constituents 
differently or unevenly. Thus after etching we 
are able to see the different constituents clearly. 
The different classes of constituents met with in 
non-ferrous alloys will be generalised separately. 

(a) Solid solutions consist of crystals which are 
composed of variable proportions of one metal dis- 
solved in another. Solid-solution crystals are not 
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necessarily of definite composition, but may vary 
between the limits of solubility of the component 
alloys. Such crystals being true solutions, it is 
impossible to distinguish the two components 
under the microscope. 

An alloy composed of two or more metals in 
such proportions that they dissolve completely in 
each other presents under the microscope in its 
normal state a similar appearance to that of a 
pure metal. That is, a number of crystals of th- 
same structure throughout, only the grain or 
crystal boundaries showing. 


Fic, 2.—UNetcHep SpecimEN—6 ver CENT. LEADED 
Bronze x 200 pias. 


Fig. 14a shows a photomicrograph at 200 
diameters of a solid solution in which these char- 
acteristics are visible, whilst Fig. 5 shows one 
exactly similar except that the composition of the 
alloy is such that the different crystals appear of 
different colour due to the light being reflected 
from the crystals in a different manner. Many 
alloys in the cast condition, however, though solid 
solutions, show a different appearance from those 
in Figs. 14a and 5. 

Fig. 6 shows a photomicrograph of an alloy of 
80 per cent. copper and 20 per cent. nickel. The 
separate large grains are visible, but there is also 
an internal structure within the grains. This fir- 
tree or dendrite structure of what are known as 


hic. 3.—UnetrcHep SpecimeN— Leap Free Bronze 
SHOWING Porosity IN INTERSTICES OF 
Denprites 200 bias. 


cored ’’ crystals is common to many solid solu- 
tions in the cast condition, and is due to the 
method of solidification of the alloy. Solid solu- 
tions do not freeze at any definite temperature 
but over a range which may vary from 10 to 100 
deg. C. In this instance the first solid portions 
to freeze out of the metal have been richer in 
nickel and the surrounding layers which have been 
built round the nuclei are progressively lower in 
nickel, and thus the difference in the rate of attack 
by the etching reagent. From the photomicro- 
graph can be seen how the solidification has pro- 
gressed in each grain. Thus an alloy is obtained 
consisting entirely of crystals of the same average 
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composition but varying slightly in themselves. 
Such coring effects may be removed by annealing 
the alloy, although it must be pointed out that 
with some classes this internal coring is extremely 


ic. x 100 pias. GRAIN 
AND DIFFERENTLY OnieNTATED 
CrysTALs. 


difficult to remove—notably in the alloys of which 
the photomicrograph is taken—the copper-nickel 
group. 

Eutectics and Eutectoids. 

(b) Eutectic signifies alloy with the lowest melt- 
ing point. The eutectic of any alloy of two or 
more metals is that definite composition which 
solidifies at the lowest temperature. The solidi- 


Fic. Sotvtion x 50 pias. 
Errect DENDRITES. 


fication of a eutectic takes place at one definite 
temperature, and not as with solid solutions over 
a range of temperature. 


7.—PuospHor Correr (9 P) x 50 
DIAS. 

Eutectics, consisting as they do of two con- 

stituents intimately mixed together, always pre- 
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sent a duplex structure, though in many instances 
the higher powers of the microscope are necessary 
to show this feature. The ‘“ pattern”? of the 
duplex structure of a eutectic varies with different 
alloys and different methods of cooling, but they 
can usually be easily identified as they possess 
similar general characteristics. 

Fig. 7 shows a photomicrograph of an 
containing 9.0 phosphorus and 91.0 per cent, 
copper. The major portion consists of the eutectic 
of copper and copper phosphide with one dendritic 
crystal of copper phosphide. The alloy contains 
slightly more phosphorus than is required for the 


alloy 


Kic. 8.—Tin Bronze Quencuep 650 pec. C. x 400 
DIAS. 


formation of all eutectic (8.2 per cent.), and thus 
some copper phosphide remains free. It will be 
noticed that the eutectic is coarser in some parts 
than in others, that is at the edges of the grain, 
though the grain boundaries are not usually dis- 
tinguishable except by this feature. 

Eutectoids, as their name implies, are similar 
to eutectics. The essential difference is that 
whilst eutectics are formed by the simultaneous 
freezing from the liquid state of two constituents 
of an alloy in definite proportions, eutectoids are 
formed by the decomposition in the solid at a 
definite temperature of a solid solution. 


Fic. 9.--Tin Bronze as Cast x 400 pias. 

The formation of a eutectoid may be perhaps 
best illustrated by a specific example. An alloy of 
80 per cent. copper, 20 per cent. tin commences 
to solidify about 880 deg. C. At 790 deg. C. the 
alloy is quite solid and consists of a mixture of 
two solid solutions known as the alpha and the 
beta. This structure continues until the tempera- 
ture reaches 525 deg. C. Fig. 8 shows the struc- 
ture of such an alloy in this range being obtained 
by quenching a sample at 700 deg. C. and thus 
retaining the structure at that temperature. 

At 525 deg. C. the beta solid-solution breaks up 
into a eutectoid composed of alpha solid-solution 
and delta solid-solution as its constituents. The 
appearance of the alloy in this condition is shown 
in Fig. 9. Fig. 10 shows the eutectoid at a 
higher magnification when the two constituents 
are seen more clearly. 
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Intermetallic Compounds. 


(c) Intermetallic compounds are compounds of 
two or more metals of definite chemical composi- 
tion. They combine with the other portions of an 
alloy similarly to a pure metal or a solid solution. 
and may form solid solutions or eutectics with 
other solid solutions or the pure metals. Certain 
classes of metallic compounds are easily identified 
by the fact that they solidify at one definite tem- 
perature and not over a range, and also the tact 
that they show no coring effect in the cast con- 
dition like many solid solutions. 

Perhaps one of the commonest intermetallic 
compounds of this definite class that is met with 


10.—AupHa-Detta Evtectoip 1x Tix Bronze 
x 2,000 pias. 


in ordinary bronze founding practice is the com- 
pound copper phosphide Cu,P. 

The photomicrograph Fig. 7 shows this compound 
—a dendrite or crystal of the compound and the 
mixture of the compound with practically fine 
copper as a eutectic. Fig. 11 shows an alloy con- 
taining 4.5 per cent. tin; 1.5 per cent. phosphorus, 
and 94 per cent. copper. The structure consists 
of a ground mass of solid solution (alpha) of tin 
in copper, whilst the nodules are phosphide of 
copper Cu,P. 


General Characteristics of the Different Constituents. 

It is difficult to generalise on the physical pro- 
perties of various types of constituents, as 
exceptions are fairly frequent. Generally speak- 
ing, however, solid solutions are comparatively 
soft and ductile and capable of being worked cold. 
They are similar in this respect to the majority 
of pure metals. Eutectics are hard—generally 
much harder than their constituent metals—and 
are usually very brittle and find very little com- 
mercial application as castings, though here again 
exceptions must be made as one of the most 


NODULES IN 


PHOsPHIDE 
PuHosrHor Bronze x 100 pias. 


Fic. 11.—Free Correr 


promising of the aluminium casting alloys—Alpax 
—is the eutectic alloy of aluminium and silicon. 

Eutectoids are generally much harder than solid 
solutions but not so hard nor so brittle as eutectics 
and many commercial alloys—notably the bronzes 
and gunmetals—contain an appreciable and impor- 
tant proportion of a eutectoid. 

Intermetallic compounds in their pure state are 
harder and even more brittle than eutectics, 
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particularly those which show the characteristics 
of an intermetallic compound in a marked 


manner. 
Examination of Raw Materials. 


It must be confessed that, chiefly owing to the 
perfection of manufacturing conditions, the scope 
of the microscope in the examination of virgin 
metals is limited. Metals such as_ electrolytic 
copper, tin, lead and spelter and nickel usually 
come into the market in such a high state of purity 
that their performance for casting purposes may be 
relied upon and very little save analytical control 
is needed, and that only occasionally if standard 
brands are purchased. Perhaps the one exception 
is ingot copper. 

‘* Best Selected ’’ ingot copper always contains 
an appreciable and important amount of oxygen. 
Copper which is free from oxygen will not cast 
soundly into ingots, and therefore, in the refining 
processes for copper, some oxygen is left in to 
ensure clean-looking ingots which will break with 
a nice fibrous fracture. 

As there is no type of non-ferrous alloy which 
is better for containing oxygen, it is of import- 
ance to keep a careful watch on the possibility of 
introducing this constituent. 

A good quality of B.S. copper should not con- 
tain more than 0.1 per cent. oxygen, and excess 
of this amount will result in poor castings being 


Fic. 14.—ApMiratty GuNMETAL, as Cast 
x 200 


obtained with many alloys. The estimation 
chemically of oxygen in copper is a lengthy and 
intricate process, but the detection and rough 
approximation under the microscope is simple. 
Oxygen in copper appears as cuprous oxide as a 
eutectic with copper, and very small amounts are 
easily discernible. 

Needless to say, electrolytic copper does not 
suffer from this impurity and is worth the extra 
cost for certain classes of alloys. 


Alloys of the Bronze Class. 


The basis of all alloys of the bronze class is the 
system copper-tin. The alloys which find use in 
engineering practice contain up to 16 per cent. 
tin and varying amounts of zine, lead or 
phosphorus. 

Pure copper-tin alloys—that is, those made with- 
out any deoxidant or addition of other metal— 
are seldom used nowadays. Copper-tin alloys are 
among those which are very susceptible to the 
presence of oxide. Oxide in these alloys renders 
them extremely sluggish when molten and liable 
to casting defects and serious weakness in 
strength due to lack of cohesion in the crystals. 
The oxide in these alloys is tin oxide—one which 
it is extremely hard to remove from the metal 
when once formed. 

Consequently, the general practice is to prevent 
the formation of oxide by adding either zine or 
phosphorus to the metal at the right time—i.e., 
before alloying the tin 

Copper-tin alloys form an extremely interesting 
and important study from a metallographic point 
of view. Theoretically copper is able to dissolve 
12 to 13 per cent. of tin. That is, alloys of copper 
with 12 to 13 per cent. tin should form a homo- 
geneous solid solution. In actual practice this 
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does not occur, as the comparatively rapid rate 
of cooling prevents the alloy from attaining what 
is known as its stable state, and very prolonged 
annealing is required before the alloys attain this 
final state. Actually, in ordinary bronze-founding 
practice, the limit of solubility is between 6 and 
7 per cent., depending on the casting and cooling 
conditions. That is, an alloy of 95 copper and 
5 per cent. tin will consist when solid of homo- 
geneous solid solution (save for a slight coring 
effect) known as alpha, and will show nothing but 
grain boundaries under the microscope. Such «an 
alloy, with care, can be rolled and drawn. 

Above 7 per cent. tin it will be seen that a 
new constituent has made its appearance. This 
is the alpha-delta eutectoid whose constitution 
and formation was discussed in the paragraph on 
eutectoids. It is to this alpha-delta eutectoid 
that the bronzes owe their wearing properties. /t 
is considerably harder than the beta solid solu- 
tion from which it is formed, and great care must 
be taken to see that it is formed where the best 
qualities of the bronze are required. The author 
has known many failures and shortcomings in 
bronzes due to insufficient appreciation of the 
functions of this important constituent. 

As has been pointed out previously, if a bronze 
is quenched in water from a temperature of 550 
deg. C. or above, the beta solid solution is retained 
and no eutectoid is present. Bronzes in this con- 


Fic. 144.—ApMiraLty GUNMETAL ANNEALED 
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dition are stronger, very much tougher, and more 
ductile than in their norifial condition, but they 
are not suitable for withstanding wear. Any alloy 
to withstand wear and at the same time give a 
low co-efficient of friction must consist of hard 
particles embodied in a soft matrix, and there 
must be a considerable difference in hardness 
between the two constituents. In a bronze alloy 
there is very little difference in hardness as 
measured by the Brinell method between a normal 
and a quenched sample, but there is a great 
difference in their capacity to resist wear, because 
in the quenched alloy the difference in hardness 
between the two constituents has been levelled up, 
the soft matrix has been hardened, and the hard 
eutectoid particles have been transformed into the 
softer beta. 

The practice of quenching bronze or gunmetal 
castings to secure tougher and stronger metal is 
one which should not be indulged in without the 
fullest knowledge of the duties imposed on the 
casting in service. Similar harmful effects may 
result for the same reasons from the practice of 
baring the heavy portions of bronze castings 
immediately they are set and throwing water over 
them to prevent liquation or bleeding, and in 
addition the liability to set up severe strains 
which may result in early failure in service. 

Somewhat similar conditions appertain with the 
question of annealing—heating the castings up to 
600 or 700 deg. C. and allowing them tc cool 
slowly. Where the castings have to withstand 
wear this again is very harmful. Nature has 
providentially arranged that the rate of cooling 
which ordinarily obtains in sand castings is the 
one which gives in bronzes and gunmetals a good 
structure to resist wear. 

(To be continued.) 
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The Present Status of the Laboratory Investigation 
of Sands.* 
yH. RIES, Ph.D. 


The laboratory investigation of moulding sands 
is not a new idea, for tests of one sort or another 
have been tried for a number of years, the fine- 
ness test being perhaps the one most commonly 
applied. Many of these tests have been made, 
however, according to the individual ideas of the 
experimenter, so that they conformed to no com- 
mon standard, and we consequently lacked a 
common basis for comparison, which is, of course, 
very unfortunate. 

In recent years there has been a strong move- 
ment not only in the United States, but also in 
Europe, looking both towards a refinement of 
laboratory test methods, as well as their standardi- 
sation. The advantage of this is almost self- 
evident, but the reasons may be stated here. 

Standard tests (1) enable the consumer to deter- 
mine the qualities of new sands, and intelligently 
compare them with others already in use; (2) 
permit the producer to keep a check on the 
uniformity of his product; (3) make it possible 
for the consumer to check all shipments as 
received in order to determine whether they con- 
form to his requirements and specifications; and 
(4) are of value for daily control in the foundry. 
The last of these advantages is by no means the 
least, and its rapid spread in the United States, 
accompanied by reports of those who are using 
it, testify to its importance and value. 

Whilst the different tests, which will, it is hoped, 
eventually become standardised, may be large in 
number, it is not to be thought that all of them 
will be used for foundry control. Indeed, the 
number employed for the latter purpose will pro- 
bably be limited, but additional ones may serve 
for the examination of new sands submitted to 
the consumer by the producer, and still others 
may be used mainly in research work on sands. 

The important point, however, as is generally 
realised, is the necessity of getting the various 
methods standardised. In addition they should 
be as simple as possible, and those which are to 
be used daily in the foundry should not only be 
easily understood, but, the apparatus employed 
should be as nearly foolproof as possible, and of 
a durable nature. 

In the present contribution, the writer intends 
to deal chiefly with what has been done in the 
United States, but this is not to be taken as an 
indication that American eyes have been closed to 
the work of their fellow investigators across the 
sea. Indeed, they have followed these efforts in 
the same lines with the keenest interest and 
appreciation. Some references to and com- 
parisons with foreign tests will be made. 


Joint Committee on Moulding Sand Research. 

In December, 1921, there was organised a Joint 
Committee on Moulding Sand Research, acting 
under the auspices of the American Foundry- 
men’s Association and the Engineering Division 
of the National Research Council. This com- 
mittee included not only representatives of the 
foundry industry, but also one from each of the 
several technical societies or other scientific 
organisations which might be interested in such 
an investigation. 

An executive committee was selected to exer- 
cise control over the entire investigation, except 
the handling of the funds required. The latter 
are kept and disbursed by the treasurer of the 
American Foundrymen’s Association, which is the 
financial and chief technical sponsor of the joint 
research. 

As the work of the investigation was somewhat 
diversified, it was recognised at once that sub- 
committees would be required to take charge of 
and carry on the several phases of the work. 
As a result there were organised sub-committees 
on (1) conservation and reclamation; (2) geolo- 


* This Paper was submitted on behalf of the American 
—— Association to the Glasgow Conference of 
e I1.B.F. 


+ Dr. Ries is Chairman of the Sub-Committee on Tests, Joint 
Committee on Moulding Sand Research. 


gical surveys; (3) tests; (4) finance: and (5) pub- 
licity. Sub-committee number four was _par- 
ticularly important, as such a broad investigation 
could not be carried on without funds. It is a 
pleasure to remark that contributions to the fund 
for research have been appreciable. 

To refer more specifically to the work of the 
Sub-Committee on Tests, it may be said that the 
development of standard tests by this committee 
had a two-fold importance, because they were 
not only to be used by the foundrymen them- 
selves in their own laboratories, but were also to 
he used at the testing stations supported by the 
American Foundrymen’s Association, where the 
sand samples collected by the different state 
geological surveys—to date over 800 samples from 
15 states—are being investigated. 

A point not to be overlooked is that each test- 
ing method recommended by the sub-committee 
on tests is tentatively adapted for one year’s 
trial, in order to determine by use whether it 
meets all demands, needs revision, or should be 
replaced by a better test discovered during its 
probation period. 

The recommendations thus far made by the 
Sub-Committee on Tests have heen printed in a 
pamphlet which was issued by the American 
Foundrymen’s Association in June, 1924. 


Fineness Test. 


This test, as at present recommended by the 
American Foundrymen's Association, is essentially 
a sieve test. For core sands with no clay the 
sand is sieved dry, but for those sands containing 
clay substance the sand is first shaken in water to 
which NaOH has been added, and the so-called 
clay substance separated from the ‘‘ grain’’ by 
siphoning. For the fineness test sieves Nos. 6, 
12, 20, 40, 70, 100, 140, 200 and 270|| are used. 
That material which passes 270 is caught in the 
pan. The openings of the No. 270 are 0.053 mm. 
and the average diameter of the material remain- 
ing in the pan is about 0.035 mm. 

For purposes of comparison, it is naturally 
imperative that the same sieve sizes should in 
all cases be used, although even now in the U.S. 
this is not always done. It is, furthermore. 
important that the sieves should be calibrated 
hefore use, because even carefully woven ones may 
show variation in the openings for a given size. 
The diameter of the sieve openings, the diameter 
of the wires, and the allowable deviation or 
tolerance of each from the specified dimensions 
have been published by the U.S. Bureau of 
Standards. t 

That the test works satisfactorily has been 
shown beyond doubt, and there is no difficulty in 
obtaining duplicate results which check quite 
closely if the sand is of uniform character, Some 
criticism has, however, been made of the so-called 
clay substance, which may include both colloidal 
clay and fine silt, and the point has been raised 
hy some, whether for purposes of scientific 
investigation it might not be well to separate 
these two constituents. Whether it is essential 
for general foundry work is open to discussion. 

Another point to be considered perhaps, is the 
effect of tap water on the process. Water from 
this source may contain electrolytes, and may 
vary in its composition from place to place. The 
question then arises, should the sand be tested 
with distilled water. From the foundryman’s 
viewpoint this may be regarded as decidedly 
inconvenient, and moreover insufficient data are 
as yet available to decide whether it is necessary. 

The method of determining the texture of the 
sand is different from that advocated by many 
foreign investigators and writers, such as Pro- 
fessor Boswell and others,* who commonly use 


_|| These numbers refer to the U.S. Bureau of Standarde 
sieve series. 

+ Revised specifications giving slightly greater tolerance 
limits were issued by the U.S. i 


tSee P. G. H. Boswell, “ A Memoir on British Resources 
of Refractory Sands for Furnace and Foundry 
Part 1, 1918. 
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the elutriation process, and, the author believes, 
regard it as better because, as they state, it 
separates the finer sizes. They, moreover, 
criticise the sieve test, because they claim it does 
not perform accurate sorting, since large elongated 
grains might go through the meshes endwise, and 
hence be caught on the finer sieves to be weighed 
with the fine particles, in whose company they 
should not be found. 


In this connection attention is drawn to the 
following facts: (1) Elongated grains are, it is 
thought, the exception rather than the rule in most 
sands: (2) the elutriation method requires con- 
siderably more time than the A.F.A. sieve test: 
(3) the elutriation method requires the use of 
sieves for the medium and coarser sizes, but the 
larger sizes separated by water, come within the 
range of the finer sieve sizes of the A.F.A. test; 
(4) the A.F.A. method is in actual practical use 
in foundries in the United States, and is giving 
satisfactory results: (5) the A.F.A. sieve test 
separates particles down to 0.035 mm. dia.; and 
(6) although the author has seen the results of 
many elutriation tests plotted, he does not 
remember having seen any practical use made of 
this extreme separation of the smaller particles. 


Expression of Results of Fineness Test. 


Having separated the sand into its different 
groups of grain sizes, next must be considered 
the best manner of expressing the results of the 


Fic. 1.—Sreve MesHes wITHOUT 
REGARD TO SIZE OF THE OPENING, 


tests. Obviously, to record them in tables is the 
most convenient way, but where a large number 
of sands are so arranged, a comparison of them 
is not always a rapid operation. 

This leads then to the possibility of expressing 
the texture graphically, as by curves, or by means 
of a number. 


Fineness Graphs. 
If curves are used to represent the texture one 
i¢ obliged to choose between several methods any 
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Fic. 2.—Sieve OPENINGS ARE CORRECTLY 
Spacep on Co-oRDINATES. 


one of which may at least be considered fairly 
satistactory. These are (1) the use of rectangular 
co-ordinate paper (Fig. 1), plotting the percent- 
age of each sieve as ordinates, against the sieve 
sizes ranged as abscisse. On such paper, the 
sieve sizes may be plotted at regular intervals, 
and the abscisse representing them may be cor- 
rectly spaced in proportion to the real size of the 
screen openings (Fig. 2). The first method is 
used by many, the second by few, and it is open 
to the objection that the coarser sizes take up 
all the room on the chart, crowding the smaller 
ones together at one end. 
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(2) The use of logarithmic co-ordinates for the 
screen sizes while retaining the rectangular co- 
ordinates for vertical plotting of percentage 
retained by each sieve (lig. 3). If logarithmic 
co-ordinates are used it seems best to plot the 
size of the actual sieve openings. Two types of 
curves appear to have been used, regardless of the 
kind of co-ordinates employed. One of these is 
the cumulative curve (Fig. 4), probably more 
used in Europe than America. The other gives 
the actual percentage retained on each sieve. It 
may be a matter of personal choice which one is 
used, but, to the writer, the latter of the two 


= 
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Spacep on LoGaritHmic Co-oRDINATES. 


seems preferable, because any excess of certain 
sizes is detected at a glance, although it may be 
argued that the cumulative curve would also show 
it by a pronounced local steepening of the line. 


Fineness Figure. 

The second method of expressing the fineness 
is by means of a figure, which may be called the 
average fineness figure. This can be done in 
several ways. One, sometimes referred to as the 
Scranton method, consists in multiplying the 
weight of sand retained on each sieve by the 
mesh of the next coarser sieve. The sum of these 
products is divided by 100 and called the aver- 
age fineness. The objection to this is that sands 
which differ markedly in their texture may give 


Fig. 4.--CumuLative PERCENTAGES WITH 
SrevE Opentncs on  Locaritamic Co- 
ORDINATES. 


almost identical fineness figures, as the following 
examples (Table 1) taken from a forthcoming 
Paper by Mr. C. M. Nevin will show :— 


Taste I.—TIllustrating that similar fineness figures are 
given by totally different sands. 


Mesh. No. 1. | No. 2. No. 3. 

0.0 0.10 1.10 

0.0 1.00 5.03 

0.02 9.70 9.70 

0.72 5.76 8.70 

19.68 19.60 10.60 

100... 20.18 11.30 11.30 

140... 14.50 10.56 10.56 

8.26 9.22 9.22 

SM... ig 9.46 13.50 13.50 

270 (Pan)... 11.40 11.00 12.01 

Clay substance ey 16.70 9.14 9.14 
Aver. fineness i 98 98 98 


Better results are apparently obtained if the 
percentage retained on each sieve are divided by 
the mesh size of that sieve, and the sum of these 
taken, and yet this second method is not without 
its objections. The first one works best with 


coarse sands and the second with finer grained 
ones. 

One may, moreover, question whether such an 
average fineness figure really shows as much as a 
curve, from which the percentage and distribu- 
tion of the different sized grains can be read at 
a glance. 


— 
| 
| 
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Use of Fineness Test. 

Most foundrymen, it is thought, recognise the 
value of a fineness test. The texture of the sand 
serves to indicate the venting qualities of the 
material, as well as the smoothness of surface 
finish which it might produce, unaided by any 
facing material, as well as the approximate size 
of casting that can be poured in it. It is 
extremely useful as one of the tests to be applied 
in checking up new consignments of sand. 


Grading Sands. 

In a recent Paper before the American Foun- 
drymen’s Association, Mr. C. M. Nevin has pre- 
sented some very suggestive ideas on the grading 
of sands by means of the fineness tests. His views 
worked out in connection with a study of some 
60 samples of Albany sand. Plotting all those of 
the same producers grade on co-ordinate paper, 
it was found that they agreed quite closely. 
This permitted drawing what might be called an 
average curve, Ii now on either side of this 
two other curves are drawn which include most 
of the variations from the average line, shown 
by the sands of that grade, and shade the area 
between these two lines, it gives what Nevin 


suggests calling an area curve. (Fig. 5, repre- 
si 
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Fig. 5.—By SuHapinc THE ENCLOSED BY 
THE Dottrep Lines AN ‘‘ AREA CURVE’’ FOR 


GRADING Sanps. <Actvauty ir 1s No. 2 
ALBANY. 
senting the area curve of No. 3, Albany.) Such 
area curves were constructed for the different 


grades of Albany sand. Having then the curve 
plotted, any new sand from that district can be 
fitted into its grade. This, of course, refers to 
texture, and not to any other properties, although 
permeability is within certain limits more or 
less associated with texture. 

Now to apply the grading theory a_ little 
further, let it be supposed that some producer 
in another territory is selling a sand which he 
designates as No. 6 or 3 F., and yet whose fine- 
ness curve fits nicely in the area curve of a No. 1 
Albany. Why should this not be called a No. 1 
eand also? In other words, one might probably 
reduce these descriptions to common terms, or 
the same language. The idea seems attractive 
to many, and a subcommittee of the A.F.A. has 
been recently appointed to develop it, if pos- 
sible. If practicable, it is a step towards the 
development of sand specifications, which may 
he given out by the consumer to help the producer 
to supply him with what he wants, 


Vibratory Tests for Fineness. 

Every industry has its short-cut methods for 
making certain tests, and the foundry industry is 
no exception. Indeed, as many know, a descrip- 
tion of some was recently presented before the 
French Foundrymen’s Congress.* In the United 
States some attention has been attracted to what 
is known as the Smith Vibratory Test, and as 
some rather strong claims have been made for this 
method, it may not be out of place to devote a 
few words to it. 

Briefly stated, a mass of sand and water are 
shaken thoroughly by hand in a test tube or 
bottle about 6 in. high and 1 in. diameter. The 
suspension is then placed on a vibrator for half 
an hour, whereupon the grains of different sizes 
settle to the bottom of the tube, the coarsest on 
the bottom and the finest on the top, presenting 
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a beautiful series of layers. The thickness of 
these is measured by means of a scale, thus obtain- 
ing the percentage of the several grades. The 
layer of finest material is classed as bond. Mr. 
Smith has sought to show that this one simple 
test may take the place of all the standard ones 
used in foundry control, but this does not appear 
to be the case, as the following comparisons taken 
from a Paper by Dietert on foundry control will 
show. 

**Nearly all sand showed a larger amount of 
clay substance. A part of the bond measured 
in the vibratory test is pan material. The per- 
centage of bond as shown by vibratory test does 
not enable one to estimate the permeability or 
strength of the sand. The standard permeability 
and strength tests can be made much quicker 
than the vibratory test.’”” Where the same sand 
mixture is being used from day to day, the 
vibratory test will give an approximate idea of 
whether it is running uniform or not, 


Fineness and Permeability. 

Observations thus far made indicate, of course, 
that a general relation exists between texture 
and permeability, but it is only a very general 
one. Tf we could calculate the permeability from 
the fineness, it would be very convenient. Thus 
tar no one has suggested ‘a satisfactory method, 
and it seems doubtful whether it can be done. 


Bonding Strength. 

This all must admit is a very important pro- 
perty of moulding sands, and consequently one 
for which there should be a satisfactory means 
of measurement. Any test devised to measure 
the bonding strength should be simple, rapid, and 
require only easily operated and rugged apparatus. 
Tt is safe to assume that the test for bonding 
strength and that for permeability, to be referred 
to later, have thus far received more attention 
and have had more labour bestowed upon them 
than any other laboratory investigation methods. 


It is not the writer’s intention at the present 
to discuss the nature of the bond. Its presence 
is acknowledged, and that it plays a vital role 
in strengthening the sand and holding it together 
in the mould is admitted, as well as assisting it 
to resist the different forces which tend to dis- 
rupt it before, and even during the process ot 
filling the mould. 

There still appears to be some difference ot 
opinion as to what forces are operative in dis- 
rupting the sand, that is, whether they are 
tensile, compression, or shearing forces, or a 
combination of these, which one of these the 
bond test should measure, or whether they are so 
related to each other that any form of test which 
measures the strength of the bond may be used. 

There are in the United States three types 
of test which have been recommended for deter- 
mining the bonding strength of green sands, viz. : 
—(1) The bar test which has been standardised by 
the A.F.A.; (2) a compression test, and (3) a ten- 
sile test. The last two are now under investigation 
by the sub-committee on tests, and recommenda- 
tions may, no doubt, be expected in the not- 


distant future, 
Bar Test. 

This test involves compacting the green sand 
in a box mould under specified conditions, then 
removing the bar from the mould and drawing 
it over the edge of a plate at a given rate of 
speed. The weight of the piece breaking off 
varies directly as the strength of the sand.* The 
breaking of the bar is due mainly to the opera- 
tion of forces of tension, and with care it is 
possible to get average breaks which do not vary 
by more than 5 per cent. as specified in the 
recommendations of the sub-committee. The one 
point to bear in mind is that the size of the 
piece which breaks off of the bar depends 
primarily (other things equal) on the strength 
of the bond, 

The test as a whole is satisfactory, and is being 
quite widely used in different foundries for con- 
trol work. The apparatus requires more space 
than that used for the compression or tensile test, 
and wher the sand is too dry there is considerable 
shearing in the bar, so that the true strength is 


*Procédé d'Etude exnerimentale des Sables de Fonderie, 
4me Congres de Fonderie, Paris, November, 1924. 


* The strength is represented by the weight of the piece 
breaking off. See A.F.A. pamphlet on test issued June, 1924. 
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not obtained. It might be said, however, that 
when the sand gets to that condition it is too dry 
to work in the foundry. 


Compression Test. 

For this purpose, the sand is formed into a 
core, obtained by ramming it in a cylinder, broken 
in a suitable machine by compression, the results 
being expressed in lbs. per sq. in., or some other 
unit. Several types of apparatus are now being 
tried out in the United States, and all seem 
capable of giving good results if properly made. 
One point to be considered is the ratio of diameter 
to height of sand core tested, for cores of the same 
sand in which the ratio of these two dimensions 
vary do not always give the same compression 
strength per square inch. 

A cylinder, 2 in. high and 2 in. dia., yields a 
higher unit strength than one which is 1? in. high 
and 1} in. dia., the compaction being the same. 
From the view-point of mechanics of materials, the 
latter may be more correctly proportioned, but 
from the standpoint of practicability the former is 
easier to make, because it can be moulded in the 
rammer used for the permeability test, but even 
after a satisfactory compression test has heen 
made there remains some question as to whether 
it is an appropriate one for measuring the bond- 
ing strength of the sand. There seems no doubt 
that the chief factor which helps the sand to resist 
a compressive force is the bond surrounding the 
grains of sand, and hence it is assumed by some at 
least foundrymen are really measuring the bonding 
strength. 

Tests which have been made on the same sand 
for compression strength, and with the A.F.A. 
bar test, have indicated that the curves of the 
two may run more or less parallel, but that where 
hoth show a peak the two peaks are not always in 
exact agreement. In favour of the compression 
test is the fact that the apparatus requires little 
space, and that it can be used on drier sands than 
the bar test can. Whether it is more delicate than 
the bar test is a matter of dispute. 


Tensile Strength Test. 


This has appealed to some, partly because it was 
thought more truthfully to measure the type of 
failure occurring in a green sand mould, but the 
test itself does not thus far seem to have heen 
developed so that it is capable of being used as 
readily and with as little practice as the com- 
pression or bar test. Most of the experiments 
made for tensile strength have involved shaping 
the sand into a briquette similar to that used for 
testing cement. Such a briquette, if made of 
moulding sand, has but little strength and requires 
the most careful handling, and has not found 
much favour. A modification recently described 
by Wolf and Grubb* consists in ramming the sand 
in a core inside of a brass cylinder. This cylinder 
is divided horizontally, the upper and lower halves 
being carefully fitted, and kept clamped together 
while the cylinder is being rammed with sand. 
The lower end is then fastened to a base, the 
clamps removed, and tension applied to the upper 
half. The force required to pull the sand cylinder 
apart is thus measured. This apparatus is 
ingenious, and is claimed to he delicate, but it is 
not yet foolproof, and in untrained hands might 
give results of doubtful value. 


Comparisons. 

Whether or not the bar, compression and tensile 
tests all measure the same stress or not, there 
seems no doubt that they all determine the 
strength developed by bonding material in the 
sand, and that is one factor required, either in 
studying new sands or in daily foundry control. 
Tt is also true that all three of these tests are 
now in daily use in the United States for control 
work, being used for testing either single sands or 
mixtures. The first has been standardised, the 
others remain to be. 


Permeability. 
_ In view of the importance of this property, it 
is not surprising to find that many have developed 
apparatus for testing it. That a number of 
different types of apparatus have been tried in 
hoth America and Europe has been well brought 


* American Foundrymen’s Association, Preprint No. 430. 
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out in a Paper by T. C. Adams presented to the 
American foundrymen’s Association at its 
Milwaukee convention.* 

One important feature stressed in this Paper is 
that whilst all the different kinds of apparatus 
determine the ease with which air can be forced 
through sand, the permeability as determined is 
rarely expressed in terms of some common unit, 
so that the figures obtained with one apparatus 
cannot be checked with those of another. 

Adams points out that the permeability appa- 
ratus all fall in one of two main groups, as 
follows: —(1) Those which determine with the aid 
of a permeability formula the permeability of the 
sand in some definite units (usually centimetre- 
gramme-minute units), and (2) those which give 
the permeability in some very arbitrary unit which 
depends on the construction of the apparatus. 

All results from any apparatus of group (1) are 
comparable. Those obtained by apparatus of 
geoup (2) are only comparable when each app:- 
ratus made after a given design is strictly stan- 
dardised, otherwise the results may not be com- 
pared .except with other results obtained upon the 
one individual apparatus. 

The Sub-Committee on Tests of the American 
Foundrymen’s Association has spent considerable 
time on the problem of permeability, and noi 
only were a number of experiments made to clear 
up doubtful points, but several pieces of experi- 
mental apparatus were constructed. Among the 
factors intluencing permeability, which must be 
taken into consideration in devising a test, are 
grain size; amount and nature of bond; quantity 
of moisture in the sand; degree of compaction ; 
height of sand column through which the air is 
passing, and pressure. 

Variation in these factors brings about varia- 
tion in permeability. The rate of flow of air 
through a sand is proportional to the pressure 
causing this flow. It is also proportional to the 
area of the cylinder, and inversely proportiona! 
to its length. This may serve to explain why the 
Test Committee recommended that the sand be 
rammed in a core of uniform diameter, height and 
compaction. 

With such a standard core of sand the pressure 
required to pass the air through can be determined 
and the time required for a given volume of air 
to permeate the sand noted. Results which are 
comparable with those obtained on other apparatus 
where pressure are thus given, and time can be 
measured, provided the sand core is prepared in 
the same manner. 

The original apparatus recommended by the 
committee was essentially that used at the Bureau 
of Standards. This, while accurate, was not suffi- 
ciently rugged, compact, or rapid for foundry use, 
and so the committee, after trying out several 
different types, finally evolved the small portable 
one which it has been recommended and described 
in the special pamphlet already referred to. It is 
constructed entirely of brass, with the exception 
of the two short legs of the manometer tube. It 
is also accurate when used as a standard appara- 
tus, and the special orifices for rapid work add 
greatly to its utility. Although this apparatus 
was recommended not over eight months ago, 
there are now between fifty and sixty of them in 
use for foundry control work in the United States. 

There may be other types of permeability 
apparatus devised, either in America or Europe, 
but the writer wishes to urge that they be con- 
structed and manipulated so that they give com- 
parable results. Some of those described in Euro- 
pean magazines can he easily adjusted to give the 
same results as the A.F.A. model 


(To be continued.) 


press. 


Mr. W. R. Barser, the manager of the Woolsthorpe 
Mines (Grantham, Lines.), of the Stanton Tronworks 
Company, Limited, died recently at the age of 58. 

Mr. T. M‘Itmorr, of the Lindens, Bearsden, and a 
director and secretary of Alexander Stephen & Sons. 
Limited. shipbuilders and engineers, Linthouse, Glas- 
gow, died on the 25th ult. 

Mr. J. Hotpen, who died recently,; was a_ well- 
known locomotive engineer, having resigned the posi- 
tion of locomotive superintendent of the Great Eastern 
Railway at the end of 1907. 
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Malleable Iron.* 


By F. H. HURREN, A.LC., M.LBrit.F. 


The malleable iron industry is one of the largest 
and most important branches of the foundry 
trade, but our knowledge has not progressed to 
anything like the extent one might have expected. 
The production of malleable iron castings as an 
industry commenced towards the latter end of 
the eighteenth century, yet present-time founders 
are still struggling with many of the same diffi- 
culties against which many of their forefathers 
had to contend. What is the reason? In part 
it may be due to the laborious nature of research 
and the very many variable factors which have 
to be considered. Malleable iron is full of 
original sin and troubles which, overcome in one 
direction, crop up in another. The malleable 
trade has suffered from an excess of secrecy and 
suspicion. Much of the research has been carried 
out by private firms at their own expense, and 
the knowledge so gained has not been published. 

The output of malleable castings in Great 
Britain is quite considerable, the bulk of it being 
the white-heart variety, but it has the dis- 
advantage of being divided amongst a _ large 
numbér of foundries, the individual output of 
each being relatively low. The small foundries 
cannot afford the expense of private research, are 
not sufficiently well organised to co-operate, and 
there is a dearth of easily available literature on 
the subject. 

Research on malleable iron takes time. Investi- 
gations into casting and annealing cannot be 
made in a few days nor in a few weeks.. The 
British Cast Iron Research Association will render 
invaluable service to the foundry trade by a 
thorough investigation of the difficulties and 
intricacies inseparable from the production of 
malleable iron castings. The scope of the neces- 
sary research is enormous, and will take vears to 
bring to fruition, but the definite knowledge 
gained will be well worth the labour involved. 

The present use of malleable iron is but a frac- 
tion of the potential uses. Malleable occupies a 
position intermediate between grey iron and steel 
stampings. It is used where grey iron is not of 
sufficient strength and ductility, but owing to its 
vagaries is being superseded by mild-steel castings 
and stampings. Unless the inherent difficulties 
in the production of malleable castiugs are tackled 
in earnest, future practice will tend more and 
more to its replacement by stampings and steel 
castings. If our knowledge was such that we 
could produce, without fail, a white-heart mal- 
leable iron which was soft and ductile, easily 
machinable, free from hard patches, with a tensile 
strength of over 20 tons per sq. in. and an elonga- 
tion approaching 10 per cent., an enormous 
demand would be set up, and malleable iron would 
assume a position second to none. Such a state 
of affairs is not impossible. Tests have been 
made on white-heart malleable giving results of 
23 tons per sq. in. ultimate stress, with 9 per 
cent. elongation, but unfortunately these results 
cannot be repeated with certainty. 


Basic Differences Between Malleable and Other Castings. 


Consider the differences between malleable iron 
and other casting materials. Malleable iron has 
a far greater contraction, making it liable to 
contraction cracks or sears; it has a_ greater 
shrinkage in passing from the liquid to the solid 
state, necessitating special methods of gating and 
feeding. It is practically unmachinable in the 
state as cast, and impossible to test in any manner 
other than a test to destruction. It has to 
undergo a long heat-treatment, which alters its 
dimensions and changes its chemical composition 
and microstructure. Incidentally, this heat-treat- 
ment introduces a risk of distortion and cracking. 
After heat-treatment, its utility onlv 
he gauged by chemical analysis and _ its 
machinabilitv. In the present state of knowledge, 
chemical analysis gives no exact criterion of prac- 
tical value, as the composition varies according 
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to the thickness of the part from which the 
sample is taken, and to the depth of drilling. It 
is not known what should be the proportions of 
combined and free carbon in different thicknesses 
of correctly-annealed material. Opinions differ as 
to the silicon content, also respecting sulphur and 
manganese. It is known with some degree of cer- 
tainty that phosphorus has a deleterious effect, 
and should be kept as low as possible, preferably 
below 0.1 per cent. Analyses of different makes 
of malleable castings will reveal silicon contents 
varying between 0.35 and 1.1 per cent.; sulphur 
hetween 0.15 and 0.45 per cent., and manganese 
from 0.10 to 0.60 per cent. It is absurd to dog- 
matise, and a very long and careful research is 
needed to find some definite data on chemical 
composition. Even then foundrymen would have 
to compromise. Composition would naturally vary 
according to thickness of section, and in the same 
casting it is quite common to find sections 
varying from 1 in. down to } in. thick. 


Present Position. 


What is the extent of our knowledge of the 
science of producing malleable iron castings, and 
how can this knowledge be applied to control pro- 
duction in the foundry? We know that a high 
silicon content induces brittle castings, with a 
dark grey fracture similar to common iron. It 
is known also that a low silicon-content increases 
the difficulty of annealing; in fact, with a low 
silicon and high sulphur content annealing is 
almost impossible. The author has _ subjected 
samples of malleable iron containing 0.42 per 
cent. silicon and 0.45 per cent. sulphur to anneal- 
ing temperature for 21 days, and at the end of 
that time only about one-sixteenth of an inch in 
depth was soft. the remainder of the section being 
practically unchanged. 


Silicon Requirements. 

The actual silicon content most desirable is, in 
the author’s opinion, still a matter of conjecture. 
It is stated by various authorities that the silicon 
should be lower for heavy sections than for light 
sections. Complications arise when there are 
hoth heavy and light sections in the same casting, 
and in modern engineering practice this is the 
rule rather than the exception. All there is to 
work on is the fact that silicon below 0.4 per cent. 
appears to retard annealing, and above 0.9 per 
cent. there is introduced a risk of low strength, 
loss of ductility, and a state very little better than 
grey iron. The only possible course is to find the 
silicon range which hest suits the general run of 
work and endeavour to keep within that range. 
In the Rover Foundry a silicon content ranging 
from 0.55 to 0.75 per cent. is called for. 


Carbon Control. 

Control of silicon is of great utility, but in the 
author’s opinion what is of even more importance 
is control of carbon content. In the un-annealed 
casting the carbon should be wholly or mainly in 
the combined state. The latest theory propounded 
is that when a certain temperature is reached 
during the process of annealing, the combined 
carbon or cementite breaks down, and graphite or 
free carbon is precipitated. With increase of tem- 
perature this precipitation of graphite continues 
until the proportion of combined carbon falls to 
about 1.8 per cent. From this point, with con- 
tinued heating, decarburisation takes place. Now 
it is obvious that the higher the total carbon con- 
tent in the hard casting the longer must be the 
period of heating before the precipitation of 
graphite ends and decarburisation commences. In 
other words, to obtain good malleable. an increase 
in the total carbon content in the hard casting 
necessitates a longer period of annealing. The 
author’s view, borne out by his personal experi- 
ence, is that the most ductile, strong and easily 
machinable castings are associated with a low 
total-earbon content after annealing, this carbon 
being distributed as part graphite or temper 
carbon and part combined as pearlite. 
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From experiments which have been carried out 
over a number of years the conclusion has been 
reached that the best results are obtained when 
the total carbon content in the hard casting lies 
between 2.9 and 3.2 per cent., and it is thought 
this opinion will be confirmed by others. 

Analysis of the usual brands of pig-iron supplied 
for malleable work invariably shows a preponder- 
ance of supplies with a total carbon content above 
the upper limit of 3.2 per cent. In many instances 
the author has found pig-irons with a total carbou 
content of 3.6 per cent., and even higher. The 
makers of malleable pig would confer a real boon 
on the founders if they would pay more attention 
to the composition of the material, and supply an 
iron with a maximum total carbon content of 3.1 
per cent. 


Influence of Total Carbon. 


In connection with this subject numerous results 
of experiments could be given, illustrating the 
effect of total carbon, and the two following have 
been taken as typical examples. Two samples of 
hard castings were annealed under practically 
identical conditions of time and temperature. One 
contained 3.06 per cent. total carbon in the hard 
state, and the other 3.38 per cent. total carbon. 
Representative samples were taken for analysis 
after annealing. The results are given in Table I. 


TaBLe I.—Result of Annealing Two Samples—One with 
High Total Carbon. 


No. 1. No. 2. 

Before annealing. Per cent. | Per cent. 

Total carbon .. 3.06 3.38 
After annealing. 

Total carbon 0.58 2.62 

Comb. ,, 0.14 1.04 

Free oe 0.44 1.58 

Silicon 0.56 0.61 


It will be noticed that No, 1 only contained 0.58 
per cent. total carbon, whereas Ne. 2 contained 
2.62 per cent. No. 1 had lost 2.48 per cent. carbon 
during annealing, against a loss of only 0.76 per 
cent. carbon in No. 2. No. 1 was soft, easily 
machinable, and bent through an angle of 90 deg. 
before showing signs of cracking. No. 2 was soft 
and easily machinable, but fractured after bending 
through an angle of about 15 deg. It has been 
found repeatedly that malleable castings which are 
soft but non-ductile have a high total-carbon con- 
tent, and under certain conditions only very slight 
decarburisation takes place even with an unduly 
prolonged anneal. 


Graphite Precipitation. 

Some time ago the Rover works was very much 
troubled by a certain casting showing a dull sur- 
face with black spots in small areas after 
machining. This occurred on about 25 per cent. 
of the castings supplied, the castings giving no 
difficulty in machining, but being very brittle. 
Analysis revealed a high content of free carbon, 
and micro-sections showed graphite in a fine state 
of division. Repeated re-annealings at different 
temperatures for lengthy periods had but little 
effect on the carbon content. The author's 
original opinion was that the trouble was caused 
by high total carbon in the hard casting, but in 
the light of later knowledge would assume that a 
high temperature of annealing was partly respon- 
sible. The best results from malleable castings 
are obtained when the free or temper carbon is 
in the nodular form. It has been proved recently 
by Northeott that the rounded or nodular form 
of temper carbon is produced below 1,000 deg. C., 
and above this temperature the graphite assumes 
the flaky structure familiar in grey iron. It is 
reasonable to conjecture that in the castings just 
referred to, not only was the total carbon con- 
tant high, but that some of the castings had been 
subjected to an annealing temperature exceeding 
1,000 deg. C., and graphite had separated in a 
finely divided state. 


Manufacturing Desiderata. 


The manufacture of malleable iron castings 


comprises two distinct operations, the production 
of the hard castings, and the annealing process. 
The difficulties met with in the casting stage can 
care and commonsense. Any 


be overcome by 
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faults due to the actua] manufacture of the cast- 
ing are usually discovered during machining, and 
before the article is put into service. Unfor- 
tunately, it is during the annealing process that 
trouble is most likely to develop, and castings 
which appear perfectly satisfactory fail in service, 
owing to structural weaknesses induced by incor- 
rect composition. It has been part of the 
author’s duty for many years to investigate 
causes of failure in service, and he can say, with- 
out hesitation, that the majority of failures have 
been due to irregularities of annealing, and in 
most instances due to lack of ductility caused by 
excessive carbon content. The text-book theory 
of annealing, and the one which is generally 
accepted, is that the changes occur in two 
separate phases :—(1) The elimination of carbon 
from the outer portions of the casting: and (2) 
a softening of the iron by precipitation of anneal- 
ing carbon. 


Chemistry of Annealing Process. 


The universal practice in this country is to pack 
the castings with a mixture of red and black 
hematite ores. It is assumed that at high tem- 
peratures oxygen is liberated from the ore and 
reacts with carbide from the outer surface of the 
casting forming carbon monoxide and free ferrite. 
The carbon monoxide combines with further oxy- 
gen, to form carbon dioxide, which in turn reacts 
with carbon from the casting, forming carbon 
monoxide and liberating ferrite. These reactions 
are continuous, and at a later stage, free or 
temper carbon is precipitated. This is some- 
what at variance with a later theory that, at a 
certain temperature, there is a partial conversion 
of cementite into austenite. On further heating 
the cementite breaks down, and graphite is pre- 
cipitated. Continued heating results in decar- 
burisation at .the expense of the austenite and 
graphite. 

From a number of experiments made, and the 
experience gained in the production of thousands 
of tons of malleable castings during the past 
fifteen years, the author doubts if the earlier 
and generally accepted theory fully explains the 
chemical physics of annealing. From tests made, 
not under laboratory conditions, but in actual 
works practice, several apparent contradictions 
arise. These may be worth enumeration. 

(1) Castings of the same pattern, of similar 
original composition, annealed in the same oven 
under practically identical conditions, have 
ultimate compositions varying widely in carbon 
content. 

(2) Loss of carbon takes place not only when 
the packing medium is oxidising, but also with 
reducing or neutral media. 

(3) Loss of carbon does 
directly proportional to mass. 

(4) Whilst generally speaking, loss of carbon 
increases with increased time of annealing, notable 
exceptions occur. 

(5) Intermittent rises and falls in temperature 
often result in a lower carbon content than a 
continuously maintained annealing temperature. 

(6) Other elements, namely silicon, sulphur, 
and manganese, have a pronounced effect on the 
final result. 

(7) Better results are obtainable by a lengthy 
anneal at a comparatively low temperature, than 
a shorter anneal at high temperature. 

Detailed Consideration. 

It has been found on frequent occasions in 
testing samples from the annealing ovens, that 
two castings of the same pattern taken from 
adjacent stacks, show considerable variations in 
carbon: content. Drillings have been taken 
thoroughly to represent the samples, and to be 
comparable. Instances might be mentioned of 
total carbon contents of 2.06 and 1.48 per cent. 
respectively, when it might be reasonably expected 
that the results would be similar. What is the 
explanation? Is the ultimate composition 
influenced by the casting temperature ? 

If the process of annealing involves a supply 
of oxygen from the mixed ores used as a packing 
medium, why is it that loss of carbon occurs when 
neutral or reducing media are used? Yet such 
is the case, according to experiments personally 
conducted. A typical instance may he cited. 


not appear to be 


June 11, 1925. 


Samples cast from the same shank of metal were 
packed respectively in the standard mixture of 
hematite ores, in coarse coke, and in well burnt 
sand. The lids and joints of the test cans were 
luted with a mixture of sand and clay, to exclude 
air as much as possible. The total carbon in the 
hard state was 3.3 per cent. A temperature of 
950 deg. C. was maintained, in a gas-fired fur- 
nace, for 120 hours, followed by a slow cooling. 
Thoroughly representative samples were analysed 
with results shown in Table Il. These show that 


TaBLeE II.—Results obtained 


from Annealing Similar 
Samples in Various Media. 


Mixed 
Packing medium. ores, Coke. Sand. 
Per cent. | Per cent. | Per cent. 
Total carbon ova 1.83 2.30 2.40 
Comb. ,, 0.83 1.00 1.22 
Freee « <» a 1.00 1.30 1.18 
Silicon a5 oa 0.64 0.61 0.58 


with the mixed ores there was a loss of 1.5 per 
cent. carbon; with coke a loss of 1.0 per cent., 
and with sand packing, 0.9%) per cent. carbon. 
If annealing is dependent on the oxygen derived 
from the ore, how has the elimination of carbon 
been arrived at when an oxidising atmosphere was 
not existent? Repetition of this experiment by 
treatment in one of the works annealing ovens 
was attended with similar results. 

That loss of carbon is not proportional to the 
mass of the casting has been evidenced on numer- 
ous occasions in ordinary works practice, and also 
in a series of experiments carried out some few 
years ago. A number of — were cast from 
one shank of metal, thé samples varying in thick- 
ness from } to 1 in. Batches consisting of one 
sample of each thickness were subjected to various 
short anneals, the results being very indefinite 
(Table III). Three examples may be cited, each 


III.—Total Carbon Content in Annealed Samples 
Cast from the same Silicon Metal. 


Thickness | din. | Zin. | jin. 1 in. 
Batch | 2.77 2.08 2.84 2.18 
Batch 2 2.44 2.62 2.66 2.38 
Batch 3 2.46 1.99 2.58 2.72 


batch being annealed under different conditions 
of time and temperature. The total carbon con- 
tent in the original hard castings was 3.18 per 
cent., and the total carbon after annealing 
1s shown in Table III. These figures need no 
comment. It would be imagined that according 
to the general theory of annealing, elimination 
of carbon would be proportional to the mass. 

As might be expected, loss of carbon bears a 
close relationship to time at annealing tempera- 
ture, but notable exceptions have been encoun- 
tered. Several examples might be given, but one 
will suffice. A certain casting after annealing 
was soft but not ductile. Analysis showed a total 
carbon content of 3.16 per cent. of which 2.04 per 
cent. was free carbon. A further annealing for 
a total of 300 hours at temperatures between 900 
and 950 deg. C., yielded a total carbon content of 
3.01 per cent,, of which 2.28 per cent. was free 
carbon. The only explanation suggested is that 
during the heating-up period of the anneal, the 
greater portion of the carbon was precipitated as 
finely divided graphite, and this state does not 
favour carbon elimination. It appears that suc- 
cess in annealing is only possible when the pre- 
cipitation of carbon can be retarded until a con- 
siderable portion of the carbon has been elimin- 
ated. The carbon then precipitated takes the 
form of temper carbon, instead of as particles of 
graphite. 

In some works, it is the practice, once the an- 
nealing furnace is up to heat, to maintain one 
continuous temperature for the full period of 
time. Other practice is to have periods when 
no firing is done, and the temperature in the 
oven gradually falls. It is then fired up again, 
raised to the required temperature, and again 
allowed to cool off gradually, these operations 
being repeated several times. The non-firing 
period is usually referred to as ‘‘ soaking,” and 
too often these soaking periods are made to coin- 
cide with the operator's mea] times and evenings 
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off. In the Rover foundry, each annealing oven 
is fitted with pyrometers, the smaller ovens with 
one thermo-couple, and the larger ovens each with 
four thermo-couples, all of which are connected to 
recorders. This system has the advantage of 
showing a complete day and night record of the 
anneal. Experience has shown that periods of 
‘* soaking ’’ from 960 deg. C. down to 880 or 890) 
deg. C., are decidedly advantageous. In continuous 
firing and maintaining one steady tempera- 
ture, free carbon is evenly distributed in a finely 
divided state throughout the mass of the casting, 
whereas intermittent firing and cooling appears 
to favour the precipitation of temper carbon in 
the nodular form. It is this latter which pro- 
vides strength and ductility. 


If malleable iron was a simple combination of 
iron and carbon, the theory of oxidation of carbon 
and final precipitation of annealing carbon would 
he capable of definite proof. The process of 
annealing is complicated by the presence of other 
elements, namely, silicon, sulphur, phosphorus, 
and manganese. It has been clearly demonstrated 
in grey iron that silicon reduces the solubility of 
carbon, and favours the formation of graphite. 
This function has been extended to malleable, and 
it is generally considered that with increased sili- 
con content the loss of carbon decreases. This 
favours the theory that the primary attack during 
the annealing process is at the expense of the car- 
bide. With a high-silicon content, carbon is 
thrown out of solution at a lower temperature, 
and the resultant material is higher in free carbon 
than would be the case if the silicon content was 
low. This is borne out in practice up to a point, 
but exceptions occur from time to time, and it is 
these exceptions which the general theory of 
annealing fails to satisfy. Two examples are 
given, but these are not isolated cases. Sample 
castings from the same pattern, but differing 
slightly in silicon content, were annealed in the 
same oven under practically similar conditions. 
After annealing, representative samples were 
taken for analysis, the results being shown in 
Table IV. The total carbon in the hard castings 


TaBLeE IV.—Giving Results of Carbon Content varying 
with Silicon. 


| A. B. 
Per cent. | Per cent. 
Total carbon 1.10 2.50 
Comb. ,, 0.42 0.79 
Silicon 0.82 0.65 
Sulphur 0.26 0.24 


was 3.10 and 3.13 per cent. respectively. Observe 
that in sample A, although the silicon was higher 
than in sample B, yet there had been considerable 
elimination of carbon, whilst in B there had been 
only slight reduction. Two other samples cast 
from the same pattern were annealed under iden- 
tical conditions. The total carbon in the hard 
castings was 3.05 and 3.21 per cent. respectively, 
and analysis after annealing is given in Table V. 


TaBLe V.—Tends to show that Decrease in Silicon favours 
Carbon Precipitation. 


| C. D. 
Per cent. | Per cent. 
Total carbon 1.80 3.05 
Comb. ,, 0.83 1.52 
Free carbon 0.97 1.53 
Sulphur... 0.24 0.25 


Both instances contradict the theory that increase 
of silicon favours the precipitation of free carbon. 
What is the explanation ? 

Personal experience has shown that manganese 
increases the difficulties of annealing. Many 
brands of malleable pig contain less than 0.2 per 
cent., and this small amount may be_ ignored. 
When the manganese exceeds 0.45 per cent. there 
is a tendency towards increased hardness in the 
finished castings. It would appear that man- 


ganese retards the annealing process, and intro- 
duces complications which may have a marked 
effect. 


— 
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If the process is one of oxidation from the sur- 
face and diffusion of carbon outwards from the 
centre of the mass, one would imagine that 
increase of temperature would result in increased 
intensity of reaction. In other words, the higher 
the temperature attained, within reason, the 
greater should be the loss of carbon. Yet it is a 
well-proved fact that better results are obtainable 
by a long anneal at comparatively low tempera- 
tures than by a shorter anneal at higher tempera- 
tures. The only explanation which seems feasible 
is that at the higher temperature the cementite 
breaks down with precipitation of free carbon, 
further oxidation ceases, and the material becomes 
passive. As a typical example of effect of time 
and temperature, the results given in Table V1 


Taste VI.—Effect of Time and Temperature on Final 


Composition, 
No. 1. No. 2. | No. 3. 
Per cent. | Per cent. | Per cent. 

Total carbon =a 3.34 2.06 1.28 
Comme. 1.33 0.38 0.88 
Free ke 2.01 1.68 0.40 
Silicon 0.61 0.59 0.61 
Sulphur 0.25 0.25 0.23 


are illuminating. All the samples were cast from 
the same material and pattern, and were annealed 
in a small gas-fired furnace where the temperature 
eculd be closely controlled. No. 1 was annealed 
for 78 hours at 960 deg. C., No. 2 for 86 hours wt 
940 deg. C., and No, 3 for 103 hours at 920 deg. C. 
One curious feature of these results is the effect of 
rate of cooling on the proportions of combined 
and free carbon. No. 1 was cooled very slowly 
to 600 deg. C., No. 2 to 700 deg. C., and No. 3 to 
800 deg. C. Below these temperatures cooling was 
sllowed to proceed rapidly... It will be observed 
that in No. 1 just over 39 per cent. of the total 
carbon remained in the combined form, against 
18 per cent, in No. 2, and 68 per cent. in No. 3. 
From this it would appear that no harm is likely 
to result in cooling quickly below 700 deg. C. 


Methods of Melting. 


There are three methods of melting in malleable 
foundries, the crucible, the cupola, and the air 
furnace. In all probability the majority largely 
favour the cupola. Changes take place in com- 
position during melting in the cupola, there being, 
as a rule, a Joss in silicon and a gain in sulphur 
content. Numerous tests have been carried out 
in an endeavour to get an exact idea as to the 
extent of the changes. The author has proved to 
his own satisfaction that there is no appreciable 
difference between the calculated and the actual 
total carbon content. He has not been able to 
obtain any definite data as to the loss of silicon 
during melting. Different tests show different 
results, and the problem is complicated by the 
weight of the charges, the proportions of pig and 
scrap which make up the charge, and the volume 
and pressure of blast. One authority places the 
loss of silicon as high as 0.23 per cent., but per- 
sonal experience has been to show, under normal 
conditions, an average loss of 0.17 per cent. 

The sulphur content certainly increases during 
cupola melting, but the amount of increase is 
largely dependent on the quality of coke used, on 
the cokeiron ratio, and on the fluxing practice. 
During annealing it has been found on some occa- 
sions there is a still further increase of sulphur, 
whilst at times there is a slight diminution. 

Phosphorus and manganese show little or no 
variation during melting. and are usually present 
in such small quantity as to have no pronounced 
effect. 

It is the practice in many foundries to use a 
proportion of annealed scrap on each charge, and 
this practice has on occasion been strongly con- 
demned. Personal experience has shown that 
small quantities have no ill effect, but the amount 
so used should not exceed 5 per cent. of the total 
charge. In greater quantities it appears to 
reduce the cooling range of the liquid metal; the 
iron, although appearing hot and fluid when 
tapped, rapidly becoming dull and viscous. The 
statement is sometimes made that the use of soft 
serap introduces the danger of free carbon in the 
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castings made from such a mixture, but it is diffi- 
cult to see that free carbon will persist on melt- 
ing. It is thought that in molten iron all the 
carbon must be present in the combined form. It 
is generally agreed that the presence of free car- 
bon or graphite in the hard casting is deleterious, 
as this graphite is likely to remain after anneal- 
ing and cause weakness. Graphite in the hard 
casting can only be due to a high total carbon con- 
tent, coupled with a prolonged cooling through 
the critical range. 
Distortion. 

One of the most troublesome items connected 
with the production of malleable castings is dis- 
tortion during annealing. Speaking generally, dis. 
tortion in plain castings is due to bad packing in 
the ovens, to excessive heat, or to sagging of the 
annealing pans. Distortion in intricate castings 
may be the result of inequalities of expansion and 
contraction during heating and cooling owing to 
variations of thickness in the casting. Whatever 
may be the cause, distortion introduces the trouble 
and expense of ‘‘ setting.’’ This may be a fairly 
simple operation, or a very difficult one, necessi- 
tating the preparation of special dies and tools. 
Castings can sometimes be ‘‘ set ’’ in the cold, but 
heating-up is advisable. Opinions differ as to the 
wisdom of cold or hot setting, but it must be 
borne in mind that to obtain a permanent set the 
material must be stressed beyond its elastic limit. 
If the setting is performed in the cold there is a 
great danger of cracking; even if a crack does 
not develop, the casting has been unduly stressed, 
and considerably weakened in consequence. In hot 
setting there is a possibility that during the suhse- 
quent cooling the material will partially revert to 
its pre-annealed state. It is eminently desirable 
for some definite information to be obtained as to 
the maximum temperature to which it is possible 
to reheat malleable castings without risk of 
destroying the effect of annealing, and also the 
influence of time and conditions during cooling 
down again. 


Cost of Annealing. 

From a purely commercial point of view there 
are one or two items which demand investigation 
to enable malleable castings to be produced at a 
reasonable price and show a fair margin of profit. 
The two most expensive items are fuel and anneal- 
ing pans. The old type rectangular furnaces, with 
fireplaces on either side of the bed, are reasonably 
cheap to erect, and the cost of upkeep is fairly 
low. At the same time, they are very extravagant 
on fuel. They will burn only a good long-flame 
type of coal, and will not burn slack or small coal. 
From careful tests made from time to time it is 
computed that this type of furnace consumes from 
36 to 42 ewts. of coal per ton of castings annealed. 
More modern furnaces have a much_ lower 
coal consumption, but suffer from several dis- 
advantages. The firing and manipulation of 
dampers is usually more complicated, and needs 
more highly skilled operatives. Firing is more 
continuous, and entails a night-shift. First cost 
is generally much higher, and cost of upkeep 
greater. All things considered, it may be found 
that the economy in fuel is more than counter- 
balanced by the increased trouble and expense in 
other directions. The development of pulverised 
fuel offers great possibilities in the malleable trade, 
and there is a wide field for the inventor in 
improving the efficiency of annealing furnaces. 


(To be continued.) 


Mr. R. H. Best, of Birmingham, died on June | at 
his residence, Hamstead Road, Handsworth, in his 
82nd year. Mr. Best, who was associated with the 
firm of Best & Lloyd, Limited, was born in Birming- 
ham in 1843. At the early age of 14 he entered the 
business of a manufacturer of brass goods founded by 
his father, Mr. R. Best. who died in 1863. The firm 
eventually became a company under its present style. 
Mr. Best’s work in connection with the brass industry 
was of a far-reaching character. Particularly was this 
the case with the results of his investigations into the 
economic conditions of the brass trade in Germany. it 
will be remembered that Mr. W. J. Davis, then secre- 
tary of the Brassworkers’ Society, the late Mr. C. 
Perks, and himself went to Berlin on a tour of inquiry 
and research. 
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A Note on the Practice and Purpose of 
Perlit Iron." 


By HORACE J. YOUNG, F.LC., M.LBrit.F. 


For introduction the author wishes to explain 
those circumstances under which this-note has been 
written. 

It is known nowadays to many people that the 
Perlit process consists of a definite foundry pro- 
cedure correlated with an equally definite metal- 
lurgical control; the moulds are heated to a pre- 
determined temperature to suit the metal with 
which they are to be filled, while the metal is con- 
trolled to a pre-determined composition to suit the 
average thickness and the mass of the casting it 
is to occupy. 

Obviously, any one portion of the process, as 
above described and as set out in the patent specifi- 
cations, can be made to reciprocate with the other 
and, therefore, it is possible to carry out the 
method and to attain the desired result in more 
than one manner. For instance, one foundry may 
find it convenient to vary the temperature of its 
moulds and to keep the metal constant; another 
to use different metals whilst using a similar 


Fic. 1.—Pertit Bar, cast 1} IN. 
pias. GRAPHITE x 25 DIAS. 


nould-temperature throughout; whilst another 
may have such work as renders it better to vary 
both factors. 

Not long ago the author, reading about this pro- 
cess in the technical Press, found it difficult to 
evaluate. Much of this difficulty was due un- 
doubtedly to an extravagant and, in some in- 
stances, an inappropriate use of the description 
‘‘nearlitic.””? A visit to the Continent, in the 
early part of this year, gave opportunity for per- 
sonal investigation in various foundries using the 
process and turning out all classes of work, light, 
medium or heavy, as the case might be. 

The final remark of this preface consists in say- 
ing that the process has been in operation in the 
foundries of the North Eastern Marine Engineer- 
ing Company for so short a period as to make it 
impossible for the author to include many of the 
observations made in those foundries, but he has 
decided, nevertheless, to admit none made else- 
where and not under his supervision. 

Of recent years it has become recognised, from 
results obtained under service conditions as well 
as those of many research workers, that grey cast 
irons containing little silicon possess superior pro- 
perties to those of higher silicon ranges. Unfor- 
tunately, the obstacles in the way of using low- 
silicon metal often are, for very many castings 
made under usual foundry conditions, entirely 
prohibitive. The unreliability of ordinary cast 
iron lies in the fact that the metal has a varying 
grain’? according to its section—a complicated 
casting is ‘ different all over,” whilst a plain one 
has a metal “core.” For instance, an ordinary 


*A Paper read before the Glasgow Conference of the 
Institute of British Foundrymen. 


test-bar casting is different in the centre from 
what it is nearer to the outside. Also is it recog- 
nised broadly that grey iron containing the maxi- 
mum amount possible of combined carbon, without 
free cementite, is the best form in which. any one 
particular cast iron can be—this form being 
described as all-pearlitic. 

Added to these accepted facts is the knowledge 
that the graphite should exist in amounts below, 
say, 2.5 per cent., and that the dimensions, shapes 
and distribution of the voids, partly occupied by 
it, should be such as have been found to char- 
acterise those irons which have given the best ser- 
vice and exhibited superior physical properties. 
In other words, these voids should be short, thin, 
curly or nodular, and confined within the network. 

In order to prevent this note from developing 
into a discussion of matter already proved and 
accepted by recognised authorities, the author has 
selected, from the large mass of evidence, only 
remarks made by British workers which have 


Fie. 2.—Periit Bar, cast 11 1N. pias. 
GRAPHITE x 75 DIAS. 


appeared in those issues of THE Founpry Traps 
JouRNAL of the dates given in parenthesis. 

Hilton Mills (July 5, 1923 and July 19, 1923) 
writes :—‘‘ The tensile strength was under 8.0 
tons per sq. in. Carbon estimations on the test 
bar showed: Total carbon, 4.20 per cent.; gra- 
phite, 3.40 per cent.; and combined carbon, 0.80 
per cent.”’ Further, he writes: ‘‘ My real conten- 
tion was, that a high pearlite content was only 
of use when combined with other structural char- 
acteristics, the chief of which is the requisite fine- 
ness of the graphitic carbon. A pearlite-graphite 
structure is undoubtedly the one to aim at, for 
strength in ordinary sand castings, but the gra- 
phite must be the right type.”’ 

J. Shaw (Dec. 6, 1923) wrote :—‘‘ The essential 
characteristics of high-grade cast iron may be said 
to be a fine distribution of the graphite, and a 
purely pearlitic ground mass.’ 

G, S. “Bell and C. H. Adamson (May 8, 1924) 
state:—‘‘ It is fairly certain that the tensile 
strength varies directly with the closeness of the 
structures in a particular composition.”’ 

F. H. Hurren (May 22, 1924), describing the 
manufacture of motor-car cylinders, gives the 
analyses of three different parts of the same cylin- 
der and remarks: ‘‘ The figures are typical of 
many tests, and, as might be expected, the only 
difference is in the combined carbon and graphite 
contents.’ 

J. E. Heret (16-10-1924) says, in his Paper 
entitled ‘‘ Notes on Pearlite Cast Tron ”’ that the 
fact of Perlit iron being white when cast into a 
cold mould ‘‘ at once differentiates between an 
ordinary cast iron of a pearlite-graphite structure 
and the product now known as pearlite cast iron.’’ 
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Further, he states “Jt is, generally speaking, 
well known that an all-pearlitic structure is 
advisable for the best general resistance to wear.” 
Referring to other properties, he remarks *“ A 
most important additional point is that this high 
tensile strength is secured with a comparatively 
low Brinell hardness.” He goes on to say 
‘“‘ Whilst, broadly speaking, foundry metallurgists 
are well aware of the influence of rate of cooling 
on the constitution of cast iron, none of us has 
been aware of the fact that the rate of cooling 


Fic. 3.—Pearuite Bar, cast 1} IN. 
pias. Perartite x 400 pias. 


could be modified in the manner proposed in the 
pearlitic cast-iron process, and for such modifica- 
tion to be accompanied by such gratifying 
results.’ Later, he continues ‘ An all-pearlitic 
matrix is the best practice. It is his experience 
with many cylinder problems of recent years that 
the lower the silicon content, the better the resist- 
ance to wear under almost all conditions apper- 
taining in engine cylinder work, including 
internal-combustion engine or otherwise. From 
these points of view the pearlite cast-iron struc- 
ture and the underlying features of the Lanz 
pearlitic cast iron as defined, fully justify their 
claims regarding resistance to wear. The dis- 
tortion of cast iron under heat influences in the 
engine cylinder is another complex phenomenon 
..... It is shown here, and has since heen con- 
firmed by other investigators, that the lower the 
silicon content the greater the resistance of the 
pearlite constituent to decomposition under these 


Fic. 4.Pertit Bar, cast 1} bras. 


Pearsite x 1,500 pias. 


circumstances. It is his opinion that a low silicon 
and an all-pearlitic cast iron are desirable con- 
ditions to obtain the best resistance to distortion 
arising from the above-mentioned causes.’’ He 
states ‘‘ It will be quite clear from the definition 
of pearlitic cast iron that it is intended to belong 
to the class of irons which have been described as 
border-line compositions, and we may expect that 
this being the case it would he extremely sensitive 
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to the effect of the rate of cooling .... . there 
is no semblance of annealing in the process.’’ 
Prof. C. H. Desch (8-1-1925) said ‘“ The best 
cast iron is likely to consist of a strong steel, con- 
taining graphite crystals of such small size and 
so grouped as to produce the least weakening 
effect. The toughest steel has the composition of 
pearlite. . . There are many reasons why cast 
iron of close grain, with minute particles of 
graphite held in a pearlitic ground-mass, is desir- 
able, apart from its strength and machining 


Fig. 5.—Peruit Bracket. 
400 pias. 


SECTION IN. x 


qualities. Chemical attack, such as the destruc- 
tion of acid tanks by sulphuric acid, is associated 
with an open grain ,... . he has met with strik- 
ing instances of this action. Similar considera- 
tions apply to irons which are to be subjected to 
high temperatures and to the action of oxidising 
gases. It has been shown by Carpenter and 
others that ‘growth’ only occurs in graphitic 
irons and is particularly marked in irons contain- 
ing a high proportion of silicon.’’ 

A. Campion (22-1-1925) in a Paper upon the 
factors influencing the strength of cast iron said 
‘* The ideal casting-temperature would be such 
that the mould could be completely filled, whilst 
all constituents of the iron are completely in 
solution, and that they should begin to separate 
immediately thereafter.” He describes suitable 
cooling conditions as resulting in “ normal 
crystallisation prior to the saturation point of the 
carbide being reached. Objectionable graphite 


Fic, 6.—Perriit Bracket, cast 14 IN. 
pias. Pearuite x 400 pias. 


growth is thus prevented, and a mechanically 
sound structure is obtained.’’ 

Prof. T. Turner (29-1-1925) commenting upon 
the Lanz process said ‘‘ He was interested to hear 
the figure of 4 per cent. as the total of silicon and 
carbon. He was reminded of something that 
happened forty years ago when he made experi- 
ments on silicon in cast iron, and when the bar 
which gave the best result in a series contained 
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about 2.2 per cent. carbon and 1.8 per cent. 
silicon.’? Further, he stated ‘‘ The importance 
was demonstrated of fine-grained graphite ..... 
in other words, it was desirable to produce it in 
a small flake and almost granular condition.”’ 
‘* He was pleased,’’ he said, “ to feel that they 
could, by the application of knowledge now within 
their reach, ensure material of a high quality and 
of a uniform character, material which could be 
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Fic. 7.—Peruit Busn. Castine 
THICKNESS, 1} IN. GRAPHITE x 
25 DIAS. 
depended upon to resist shock, to give good wear, 
to give smooth running surfaces, and which would 
not creep or grow unduly when it was exposed to 
high temperature.” 

A. Logan (19-2-1925) said “ Slight changes of 
ultimate composition will produce drastic changes 
in structural composition. The retention of a 
little over 0.2 per cent. more carbon in the com- 
bined state, for instance, would be sufficient to 
take up the whole of the free ferrite, and the 
matrix would then be completely pearlitic.’”? He 
calculated that 0.50 per cent. of combined carbon 
forms 59.52 per cent. of pearlite by weight or 
54.60 per cent, by volume, and continued “ It 
follows that the strongest irons are those which 
contain a minimum amount of graphite in the 
most finely divided form and __ preferably 
‘ grouped,’ and having in addition, a completely 
pearlitic matrix with only a small amount of 
phosphide eutectic present.” 


Fic. 8.—Peruit Busu. Castine 
THICKNESS 1} in. x 400 pias. 


Having given the above references, the author 
thinks it unnecessary further to labour the point 
involved therein. 

Perlit iron possesses some unique properties, one 
of which is proved by the simplest practical test, 
namely, that one of trying to break it with a 
hammer, Recently the author cast a small bracket 
of Perlit iron, its dimensions being about 9 in. 
long, 6 in. wide and varying in section from three- 
quarters to an inch and a quarter. The casting 
was a poor one and a labourer predicted that he 
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could break it with a tap of his hammer. Ulti- 
mately, two men struck it forty times with 20-Ib. 
sledges and the casting remains unbroken. The 
structure of the metal in the 3-in. section and in 
the 1}-in. section is shown in Figs. 5 and 6 
respectively. The magnification in each case is 
400 diameters and clearly indicates the fineness 
of the lamalle, the all-pearlitic matrix and the 
fine graphite spaces with some nodular ones. 
All properly-made Perlit iron exhibits this 
remarkable resistance to impact, and the foundry 
workers are astonished by it. A practical test of 
this nature is more convincing, perhaps, to the 
engineer and the foundryman than abstruse 
results depending frequently upon particular con- 
ditions. It would appear to be irrefutable proof 
that a new and better cast iron has been dis- 
covered. When one attempts to visualise the 
reasons underlying the behaviour of the iron when 
subjected to this particular test, it becomes 
evident that the metal will be superior in other 
directions also. For instance, the size, shape and 
distribution of the voids, partly filled with 
graphite, will be superior to those in ordinary cast 
iron; the matrix will be at its best in all sections, 
and the grain-size will be more uniform and 
favourable. That these predictions are true in 
fact appears to be evident from the microstruc- 
ture of the Perlit metal. Figs. 1 and 2 show the 
graphite in a kar cast 1} in. dia., whilst the 
pearlite in the same bar is so fine that much of 


PHOSPHIDE 


Fic. 9.—Periit Iron. 
Network x 25 DIAS. 


it is unresolved by a magnification of 400 
diameters, as seen in Fig. 3, whilst at the high 
power of 1,500 diameters the lamellae exhibit a 
beautifully fine texture, as seen in Fig. 4. Similar 
results are to be observed in Figs. 7 and 8, which 
represent a bush, 24 in. long, 14} in. outside 
diameter, and 11 in. thick. In all cases the Brinel! 
hardness has been low, between 175 and 185 being 
the rule. The network is good, as shown in Fig. 9. 

Of course, the photographs given in this note 
represent the initial results of our work in its very 
early stages, and it is to be expected, therefore, 
that much better results will be obtainable as 
control and experience are attained. Outstanding 
is the fact that, by this process, can be produced 
castings, of the thinnest sections if necessary, of 
low-silicon iron, which will be pearlitic throughout 
and have graphite voids and pearlitic matrix of 
superior types to those found in ordinary cast 
iron, namely, the higher silicon metal suitable for 
cold-mould practice. 

By reason of their being little or no chilling 
effect upon the metal when it meets the hot mould 
surfaces, there will be no chilled shell formed, and. 
moreover, it is not unreasonable to suggest that 
there is a “ hesitation ’’ during which everything 
has a chance to “level up.’’ This conception 
enables one to appreciate that much may happen 
to explain the absence of core and the presence 
of all-pearlitic structure throughout an 
intricate casting made in this manner. Fither 
hot or cold sand is a very poor conductor of heat, 
and, even though the above-mentioned ‘‘ hesita- 
tion’? may exist at or about the freezing point, 
it does not follow that the metal will pass through 
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its pearlitic range so slowly as it would do in a 
cold mould (using a higher silicon metal). 

Also it has to be remembered that the voids, 
partly filled by graphite, may be gaseous. 
Indeed, their shape and size may be determined 
by gas influence in the first place. Therefore, the 
superior voids found in Perlit iron, as compared 
with those in grey iron cast in cold moulds, may 
be due to the hot mould not causing the precipi- 
tation of these gases at the same period or to the 
same degree. 

The author makes no presumption of under- 
standing the mechanism of the Perlit process. He 
feels that it is likely to throw light upon many 
points which have been puzzling foundry metal- 
lurgists in connection with grey iron metallurgy ; 
in any case it opens out a new field of research and 
of manufacture about which, at the moment, there 
is little data to work upon; all that is known is 
that the iron is different from and better than 
ordinary cast iron of higher silicon content, and 
that it conforms with the opinions of scientific 
observers as to what good cast iron should be were 
it possible, as it now is in this process, to make 
it more uniformly alike throughout any one 
casting. 

The author wishes to express his sincere thanks 
to Mr. Summers Hunter and to the North-Eastern 
Marine Engineering Company for allowing this 
note, describing his impressions and experiences 
in connection with the starting-up of the Perlit 
process in their foundries to be presented to this 
meeting. 
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Trade Talk. 


CasweLL & Snearinc, Liwirep, 812, Salisbury 
House, London Wall, E.C.2, have removed to 6, 
Broad Street Place, London, E.C.2. 

Cocker Brorners, Limirep, A. and B. Harris, 
Higgs Motors, George Mann & Company, Limited, 
and W. Fearnehough, Limited, have joined the 
Federation of British Industries. 

THe WorkInGTON BRIDGE AND BorteR Company 
have received an order from the Stanton Ironworks 
Company, Limited, for extensive alterations and down- 
comers to the Nos, 2 and 3 blast furnaces at their 
Holwell works. 

ONE OF THE BLAST FURNACES of the Millom and 
Askam Hematite Iron Company, Limited, was put out 
of blast on June 5, and the only other one which 
was blowing at the same works was damped down 
shortly afterwards. 

THE StemMens snp ENGLIsH ELecTrRic LAMp CoMPANy, 
LimrreD, 38-39, Upper Thames Street, London, E.C.4, 
have the order from the London County Council for 
the whole of their requirements in electric incandescent 
lamps for a period of twelve months. Another order is 
from the L.M.S. Railway for a large quantity of 
vacuum lamps for train lighting. 

Tue PrrseveRANcE Founpry Company, Gomersal, 
near Leeds, advise us that they have removed their 
foundry address to New North Road, Heckmondwike, 
where they have greater facilities for dealing with 
their business, which has expanded beyond the capacity 
of the premises previously occupied at Gomersal. The 
head office continues as hitherto at the Grange Works, 
Batley. 

THE TASK OF removing and repairing six large lock 
gates weighing 160 tons each has just been completed 
by the London Midland and Scottish Railway at 
Grangemouth Docks. These gates, which contro] the 
entrance to the docks from the sea, measure 47 ft. 6 in. 
by 35 ft., and in thickness vary from 2 ft. to 6 ft. 6 in. 
They were removed, repaired and replaced without 
interfering with the ordinary working of the docks. 

THE SHIPBUILDING OvTPUT on the Clyde during the 
past month was the lowest of the year. Altogether 
16 vesse's were put into the water, the total measure- 
ment of which was only 22,022 tons. This brings 
the total for the past five months up to 92 vessels 
of 259,506 tons, compared with 97 vessels of 184,296 
tons last year, 45 of 137,145 tons in 1923, and 105 
vessels of 293,997 tons in the first five months of 
1913, when the highest figures were recorded. : 

Mr. Frank THOMaAs, who was formerly a partner in 
J. B. Corrie & Company, has commenced business on 
his own behalf as an engineer’s agent at 4, Ravenslea 
Road, London, 8.W.12. He is representing Tubes, 
Limited, of Birmingham, for the home counties, exclud, 
ing London, and is also interested in the supply of 
works’ locomotives, fireless locomotives, pit fans, cages 
and winches, coke-ramming machines, turntable and 
traversers, steam engines, air compressors, bucket 
elevators, iron castings, workshop stoves, and 
stampings. 
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Patent Specifications. 


Particulars of complete specifications accepted, 
furnished by Mr, Eric Potter, Patent Agent, of 
Lonsdale Chambers, 27, Chancery Lane, London, 
W.C.2. Printed copies of the specifications in the 
following list are now on sale, 


Sir R. A. Alloys. December 27, 


232,663. Dasritz, G. Furnaces. January 18, 1924. 

232,679. Monp, A. L., Mera anp THERMIT Cor- 
PORATION. Refractory materials, articles made 
therefrom, and method of making the same. 
January 23, 1924. 
232,687. Ruoves, C. J., and Berry, G. W. Machines 
for seaming sheet metal. January 24, 1924. 
232,712. MeLLINGRIFFITH ComPaNy, LIMITED, THOMAS, 
H. S., and Davies, W. R. Machinery employed 
in the manufacture of tinplates, sheets, etc. Feb- 
ruary 2, 4 

221,210. Scovitt ManuracturInG Company. Machines 
for rolling screw threads. August 30, 1923. 

223,029. TapLin, gun., T. J., Perxina, W. G., and 
Propuction, Limirep. Treatment of ores 
—_-e oxidised copper compounds. January 


233,059. Garnes, F. S. Sheet-metal pipes or culverts. 
February 5, 1924. 

233,111. H., Mooney, Limirep, A. G. 

; acre for forming shoe shanks. April 7, 


233,110. Wricnutson, S. S., and Marruews, C. R. 
Railway and tramway joints or switches. April 
7, 1924. 

233,164. Wuitper, C. E. Moulds for use in centri- 
fugally casting metal. June 2, 1924. 

233,170. FiscHer, P. Clamping contrivance for use 
in connection with machines for cutting off pipes. 
June 11, 1924. 

232,181. Amster, A. Machines for testing materials 
under repeated stresses. April 23, 1924. 

219,293. DrutcH LuxeMBURGISCHE BerGweRKs 
Hutren Akr Ges. Hard alloy. July 16, 1923 
233,194. Pretrerson, K. G. V. Apparatus for pro- 

ducing moulding cores. July 3, 1924. 

231,816. L’Arr Liguipe Soc. ANon. Pour L’Ervupr 
ET EXPLOITATION DES PROCEDES, G. CLAUDE. Anuto- 
genous welding of aluminium, magnesium, and 
their alloys. April 1, 1924. 

233,205. Haas, A. L. Apparatus for testing hard- 
ness by impact. July 31, 1924 

233,235. Davies, W. H. E. R., and Rare, W. Ap- 
paratus for supporting portable tools, such as a 
riveting machine, drilling machine holder up. 
October 10, 1924. 

230,016. Hottey, FE. 
foundry moulds. February 25, 1924. 

233,424. Ruopes, C. J.. and Brrry, G. W. 
a seaming of sheet metal. 


Method of making cores for 


Flang- 
February 7, 


1924. 

233,464. RupotpH, G. Manufacture of flexible 
metallic tubing. February 22. 1924. 
233,520. Bancer, H. Moulding machines. May 16, 

1924. 

217,568. Hocanas BILLESHOLMES. AKTIE  BOoLane. 
Production of aluminium oxide. June 15, 1923. 

233.568. SmirH, A. R. Method of and apparatus for 
hot forging. July 25, 1924. 

233,851. Stone, W. L. Centrifugal pipe spinning 
machines. April 10, 1924. 

233,914. Pret, C., and Apey, C. Apparatus for cast- 
ing work pieces of copper alloys having a high 
melting point. June 23, 1924. 

218,303. Verney, J. L. L. Means for automatically 
controlling the temperature of furnaces. June 
923 


1923. 
233,983. Davies, E. W. Apparatus for the auto- 
matic manipulation of metal ingots, ete.. at roll- 


ing mills. October 31, 1924, 
226.538. GELSENKIRCHENER BERGWERKS AKT. GES. 


Casting hollow metal bodies. December 17. 1923 


W. T. Hentey’s TerecrarH Works (Company, 
LIMITED, announce that in future their address will 
be described as Holborn Viaduct, E.C.1. leaving out 
the number 11, which previously has been included. 


Srrikes IN Betcium.—The Syndicate of iron and 
steel workers in the Charleroi district ca'led 
their men out on strike on May 31 last. The 
men had accepted a 5 per cent. reduction in wages, 
but the employers are pressing for a further reduction 
of 5 per cent., to which the men will not agree. It 
is feared that the strike will extend to the workers in 
the whole country. According to a later report. the 
date on which the strike is to begin has been post- 
poned till June 15. 
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Our Standard Steam and Electric 
Cranes are always in course of 
constructicn in our worksho 
which enables us to deliver 
promptly They are the most 
economical and quickest woraing 
cranes on the market. 


eSTABLISHED 1820. 


HAND-RAM TURN-OVER 


MOULDING 
MACHINE 


Simple, Substantial, Accurate, 
Modest in Price. 


STANDARD SIZE: Take Boxes up to 24”x 18” x 8” 


Patentees and Makers : 


JOHN BOOTH & SONS 


General Ironfounders, 


RIPPONDEN, nr. HALIFAX 


77% OF THE DUST 


and Grit caught by a 


DAVIDSON 


Patent 


FLUE DUST 
COLLECTOR 


installed in a London 
Power Station so 
fine that it will pass 


through al 20 Mesh Screen 


The “Davidson” Patent Flue Dust 
Collector removes not only cinders from 
the flue gases, but extracts the most 
minute particles of dust and grit. The 
Fan, which provides the Induced Draught, 
operates the Dust Collector, no other 
running auxiliary being necessary. 


“ DAVIDSON ” 
FLUE DUST COLLECTORS 


Have been installed in Shoreditch Power 
Station ; Central Electric Power Station ; 
Charing Cross Power Station; Marylebone 
Power Station; Treforest Power Station ; 
Deptford Power Station ; Grimsby Power 
Station ; Barton Power Station, Manchester; 
Provan Chemical Works, Glasgow; and 
many others are in course of erection. 


DAVIDSON & CO., 
LIMITED 


Sirocco Engineering Works, Belfast 


LONDON, MANCHESTER, BIRMINGHAM, GLASGOW, 
CARDIFF, BRISTOL AND 
NEWCASTLE - ON - TYNE. 


: 
Has 
| BH te 
‘ 
| Quick Delivery 
5 THOMAS SMITH «SONS (RODLEY) NTLEEDS. = 
wor 
TRADE: 
— 
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IRON AND STEEL MARKETS. 
Pig-iron. 


MIDDLESBROUGH.—Resuming business after the 
holiday interruption, the position of the Cleveland 
iron market disclosed little improvement on its pre- 
vious inactive conditions, with home consumers still 
reserved in their attitude as regards fresh commit- 
ments, and buying, as a rule, being strictly confined 
to only the most pressing requirements. As a matter 
of fact, the feeling generally prevailing is that the 
downward move in prices is not yet ended, notwith- 
standing that production is only limited, and any 
recovery in demand would quickly react upon values. 
The export position is as disappointing as ever, the 
shipments of pig-iron from Middlesbrough and Skinnin- 
grove during May having amounted to 29,219 tons, 
as compared with 30,635 tons in April and 35,915 
tons in March. With the present stagnant conditions, 
prices continue weak, No. 1 being quoted at 78s. 6d. 
per ton, No. 3 G.M.B. 74s., No. 4 foundry 73s., and 
No. 4 forge 72s. per ton. 

Demand for hematite on home -account remains 
poor, and although there is a somewhat better in- 
quiry from abroad, especially for silicious brands, the 
aggregate volume of business is not equal even to 
the present restricted output. Prices are easy, East 
Coast mixed numbers being quoted at 79s. 6d. per 
ton and No. 1 at 80s. per ton. On the North-West 
Coast, Bessemer mixed numbers are nominally quoted 
at 87s. 6d. c.i.f. Welsh ports, 91s. per ton delivered 
at Glasgow, 96s. per ton delivered at Sheffield, and 
98s. 6d. per ton delivered at Birmingham. 

LANCASHIRE.-——The inactivity now prevailing in 
the local foundry industry is reflected in the condi- 
tions of the Manchester iron market, in which keen 
— for even the smallest orders is having a 
weakening effect upon prices. For example, North- 
ampton foundry iron has been openly reported at 
67s. 6d. per ton on trucks at the furnaces, equal to 
about 80s. delivered in Manchester, a movement which 
ean scarcely fail to affect the prices for Derbyshire. 
Theoretically, Derbyshire was quoted here at 83s. 6d. 
delivered up to the beginning of the holiday, but 
there were rumours of 81s. 6d. and even 81s. before 
then. With Northampton at 67s. 6d., sellers of Derby- 
shire can scarcely expect to secure more than 72s. 6d. 
at the furnaces, or equal to 80s. in Manchester. 

THE MIDLANDS.—In common with the condi. 
tions existing in other districts, markets in this area 
are becoming gradually weaker; buying is on a very 
restricted scale indeed, and only in isolated cases can 
be found forward buying taking place. With a falling 
market, it would be surprising if it were otherwise. 
Ruling prices are as follow:—Derbyshire No. 
foundry, 72s. 6d. to 74s. ; Staffordshire No. 3 foundry. 
72s. 6d.; Northants No. 3 foundry, 67s. to 68s 

SCOTLAND.—Only a limited demand is in evidence 
for Scotch foundry pig, which is now only being 
bought in 20/50 ton lots, as a rule. The light cast: 
ings producers, being fairly busy, are able to go in 
for larger parcels, but Cleveland is the quality pur. 
chased. Prices continue to sag, and No. 3 Scotch 
is now quoted at 84s. at the furnaces, whilst No. 3 
Cleveland is offered at 78s. per ton, f.o.t. Grange- 


mouth. No. 3 foundry Continental is being pressed 
for sale. 


Finished Iron. 


Business in most departments of manufactured 
material remains more or less quiet, mostly the latter, 
with, at present, few signs of more active conditions 
in the near future. Makers of marked bars, hitherto 
fairly well employed, have now reduced the price to 
£14 10s. per ton f.o.t., while Staffordshire crown iron 
is down to £12 7s. 6d. per ton. It is difficult to see 
ow the position affecting the cheaper iron can appre 
ciate to any extent while acute foreign competition 
prevails. At the present time there is a difference of 
nearly £4 10s. a ton between the Belgian and Stafford- 
shire price for fencing and nut and bolt iron, and one 
cannot see this gulf being bridged yet. Continental 
No. 3 iron 1s offered here at £7 per ton delivered 
against the local quotations of £11 7s. 6d. per ton. 


Steel. 


In the Sheffield market for steel at the moment 
there is a minimum of business in basic billets, but 
transactions in acid qualities make up a fair total. 
There is a little more doing in crucible steel. Wire. 
cold-rolled strip and steel sheet departments are not 
fully employed, but most of the railway material 
departments are well occupied. Engineering tools for 
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abroad make a satisfactory feature, a number of good 
orders having come to hand recently. Prices of tin- 
plates are lower all round owing to the fact that 
makers are competing keenly for July-August ship- 
ments ; 19s. 9d. oe been taken in quite a number of 
cases, and even less in one or two instances. For the 
standard sizes current quotations rule as follow :— 
Coke tinplates: IC, 14 x 20, 112 sheets, 108 Ibs., 
19s. 10}d. to 20s. 3d. per box ; IC, 28 x 20, 56 sheets, 
108 lbs , 20s. 43d. to 20s. 9d. per box, net cash, f.o.b. 
Wales. 


Scrap. 


The various markets for scrap metal have undergone 
no improvement since last reported, and in Lancashire 
cast material especially is pas unsaleable, even at 
the extremely low prices current, founders now expect- 
ing to buy best qualities under 80s. per ton. In 
Scotland the iron foundries are still rather short of 
work, with the result that machinery cast-iron scrap 
is weak, and even at 83s. 6d. per tor it is difficult to 
find buyers. Ordinary cast-iron scrap is in a similar 
position, and is offered at 75s. to 77s. 6d. per ton. 
Cast-iron scrap in furnace sizes can be obtained at 
72s. 6d. to 73s. 6d. per ton, and for cast-iron railway 
chairs parcels have been disposed of at 80s. to 81s. 3d. 
per ton. The above prices are all per ton delivered 
f.o.t. consumers’ works. 


Metals. 


Copper.— Although the turnover in standard copper 
has of late been on a comparatively restricted scale. 
values have been steadily maintained round about the 
£60 mark, with occasional fluctuations of fractional 
extent, but without special significance from a market 
point of view. The prevailing impression would —— 
to be that the metal is now as cheap as it is likely 
to be for some time to come, and consequently con- 
sumers feel confidence in buying, which necessarily 
has a steadying effect upon markets all round. Cur- 
rent quotations :—Cash: Thursday, £59 17s. 6d. ; 
Friday, £59 17s. 6d.: Monday, £59 15s.: Tuesday, 
£59 5s.: Wednesday, £59 7s. 6d. 

Three Mouths: Thursday, £60 17s. 6d.; Friday, 
£60 17s. 6d. ; Monday, £60 12s. 6d. ; Tuesday, £60 5s. : 
Wednesday, £60 7s. 6d. 


Tin.—Movements in the tin market of late have 
disclosed an irregular tendency, but with values on 
the whole rather more inclined to lower levels. Senti- 
ment in the market has evidently been influenced by 
reports from Malaya that the May shipments will turn 
out considerably more than had been originally antici- 
ated, estimates of the total varying up to well over 
000 tons. Efforts to depress the eo were thus 
renewed more vigorously, and values latterly have 
reacted sharply in the latter dealings. Current quo- 
tations :—Cash: Thursday, £251 5s.; Friday, 
£255 5s.- Monday. £254 5s.: Tuesday, £253 7s. 4d. : 
Wednesday, £253 12s. 6d. 

Three Mouths : Thursday, £252 5s.; Friday, £256: 
Monday, £255 5s.: Tuesday, £254 10s.; Wednesday, 
£254 12s. 6d. 


Spelter.—With buying on a more restricted scale. 
the market for this metal is passing through a dull 
period, but holders have exercised no pressure to sell. 
and prices have on the whole remained comparatively 
steady. Only small quantities have been offered by 
Belgian producers so far, but next month supplies are 
expected to be on a heavier scale. Current quota- 
tions :—Ordinary : Thursday. £34; Friday, £34 5s. ; 
Monday. £34 5s.: Tuesday, £33 18s. 9d. : Wednesday. 
£34 2s. 6d. 

Lead.—The market for soft foreign pig has been 
firmer, and sentiment generally is improving. Arrivals 
are heavier, and there is some metal going into ware- 
house, but it is quite possible that later on in the 
year further stringency in regard to supplies will make 
itself felt. Sentiment in regard to the metal is 
decidedly better, and firmer markets are clearly fore- 
shadowed by the course of events during the last week 
or so. Current quotations :—Soft foreign (prompt) : 
Thursday, £33 15s.: Friday, £34; Monday, £34 5s. ; 
‘Tuesday, £33 17s. 6d.: Wednesday, £33 13s. 9d. 


Mr. H. C. Dews, Hon. Secretary of the West York- 
shire Metallurgical Society, has been appointed metal- 
lurgist to Dewrance & Company, 165, Great Dover 
Street, London, S.E.1. 


THE Imports oF foreign iron ore at the Senhouse 
dock at Maryport during May amounted to 11,300 tons, 
against 4,000 tons for the previous month, and 15,780 
tons at the corresponding period of last year. 
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